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iBVoro, W. E Surveyor to the Municipal Shire of Toowong, near 

Brisbane, Queensland. 

JiBVBB, Ed Surveyor to the Local Board, Melton Mowbray. 

JsNSiH8,D. M. .. .. .. Borough Engineer, Neath. 

JiNNiKOS, G Borough Surveyor, Botherham. 

jBBBAif , G. B., Assoc. M. Late Surveyor to the Local Board, Walthamstow, 

Inst. CJE, Essex. 

Jones, A. S., Lt-Ool., 9.C., Engineer to Urban Sanitary Authority, Wrexham. 

Assoc. M. Inst O.E. 

JONES, 0., Assoc. M. Inst. Surveyor to the Local Board, Ealing, Middlesex. 

G.E. (Past President and 

Oenerai Hon, Secretary^ 

Joum, I. M., Assoa M. Inst. Oity Surveyor, Ohester ; Engineer to the Dee 

O.E. Bridge Oommissioners. 

Kkbbidos, Jab Surveyor to the Local Board, Walsoken. 

KirowLBs, E Late Borough Surveyor, Acorington, Lancashire. 

KiBK, Thos Oity Engineer, Brisbane, Queensland. 

Laoet, F. W., Assoc. M. Inst. Surveyor to the Local Board, Brentford. 
C.B. 
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Latfan, G. B., Abboo. M. IhbL Borough Surveyor, Bridgewater. 

O.B. 

Lailet, 0. N Suryeyor to the Local Board, Acton. 

Land, Geo. Surveyor to the Local Board, Nordeo, near 

Bochdale. 

Lathau, E. D., Ab800. M. Borongh Surveyor, MiddleabrougL, Yorkshire. 

Inst. C.G. 

LAWS, W. G., M. Inst O.B. City Engineer, Newoastle-on-Tyne. 

{Fast President.) 

Lawson, G. G., Assoc. M. Surveyor to the Local Board, Bouthgate. 

Inst. O.E. 

Leete,Wh. H Boroneh Surveyor, Luton, Bedfordshire. 

LEMON, J., M. Inst. C.E. .. Consulting Engineer, Southampton; and 62, 

(^Past President.) Palace Cliambers, Westminster. 

Livbsat, J. G., Assoc. Inst. Consulting Engineer to the Local Board, Yentnor. 

C.E. 

LOBLEY, J., M. Inst. C.E. Borough Engineer, Hanley, Staffordshire. 

(Past President.) 

LocKWOOD, P. C, M. Inst C.E. Borough Surveyor, Brighton, Sussex. 

LoFTHOVSB, J. P Town Surveyor, Stroud, Gloucestershire. 

LoNODiN, Thos Borough Surveyor, Warrington. 

LovEJoT, C. C. Local Board, Watford, Herts. 

Lowe, C. H Surveyor to the Vestry, Uampstoad. 

LuKD, J. Borough Surveyor, Bedford. 

MaoBraib, B. a., Assoc M. Surveyor to the Local Board, Lincoln. 

Inst. C.K 

HacGbegob, D. M Town Surveyor, Berwick-on-Tweed. 

Maib, H Surveyor to the Parish of Hammersmith. 

Mallinbon, J Surveyor to the Local Board, Colne, Lancashire. 

MALLiNSOir, T Surveyor to the Local Board, Selby. 

Mann, Jabbz Surveyor to the Local Board, Sevenoaks. 

Marks, H. F., A.M.I.C.E. .. Borough Engineer, Dewsbury. 

Marks, T. T., Assoc. M. Inst Town Surveyor, Llandudno, Carnarvonshire. 

C.E. 

Marsh, B. S Surveyor to the Local Board, Cockermouth. 

Marshall, P. P Borough Engineer, Norwich. 

Mathews, G. S Surveyor tii the Local Board, Dorkm^. 

Mauohan, J Late Borough Surveyor, Great Grimsby, Lincoln- 
shire. 

MAWBET,E.G.,AsBoc.M.Inst. Citv Surreyor, York; Son. Secretary, Yorkshire 

C.E. {Member of CouncU.) District 

M AwsoN, Jno Looid Board, Shaw, near Oldham. 

Mat, F. J. C, Assoc. M. Borough Surveyor, Maidstone. 

Inst. C.E. 

Mayor, T Surveyor to the Local Board, Gorton near 

Manchester. 

MoBeath, a. G., Assoc. M. Surveyor to the Local Board, Sale, Cheshire. 

Inst C.E. 

MoCALLiM,J.B.,A880c.M.Inst. Borongh Engineer, Blackburn. 

C.E. (Member of Council.) 

MuKiE, H. U., M. Inst C.E. City Engineer, Carlisle. 

(Member of Council.) 

Meaht, M. C Surveyor to the Vestry, St Luke, Middlesex. 

Meade, T. De Coubot, Assoc Surveyor to the Local Board, Homsey. 

M. Inst C.E. (Member of 

Council.) 

Metoalf, J. W Surv^or to the Bnral San. Authority, Ashby-de- 

la-Zouche. 

MiDDLEBBOOK, S Surveyor to the Local Board, Walton-on-the-Hill. 

MiDDLEMiss, T. W Surveyor to the Local Board, Morpeth. 
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MiLBB, KL. .. Snrreyor to Rural Sanitary Anthority, Blaby, 

Leioeetershire. 

MrrcHELii,J Borough Surveyor, Hyde» Manoheiiter. 

MoLiNEUZ, W. F. T. .. .. Town Smreyor, Shifiuil, Salop. 

MOBGAK, W. B Borough Surveyor, Weymouth and Meloombe 

Beg^ Doraeiuure. 

Mobbi8,Jno. Surveyor to the Local Board, Meeton. 

Mouhtain, a. H Surveyor to the Local Board, Swinton (Lanoaahire) 

Mtatt, J Town Surveyor, Leek. 

Nkwhav, F. • Borough Engineer, Ryde, Isle of Wight. 

NswTON, J., M. Inst. OJl. .. Carlton Buildings, Manchester ; Engineer to the 

Local Board, Bowdon, Gheshire. 

Newtoh,W. J.,A8soaM.LO.E. Borough Surveyor, Accrington. 

NoBBiNaTON, J. P Surveyor to the Vestry, Fulham. 

KoRBiSH, G. R. Surveyor to St. Saviours, South wark. 

NuTTALL, T., Assoo. M. Inst Surveyor to the Local Boards, Keasley and 
CJS. Bamsbottom, Lancashire. 

Pabxbb, J., Assoc. BL Inst Surveyor to the Basford Union, Rural Sanitary 

G.E. Authority, Kottingham. 

Pabkxb, J., Assoc. M. Inst. O.E. City Surveyor, Hereford. 

Parkinson, J as Surveyor to the Local Board, Turton, near Bolton, 

Pabbt, a. W., Assoc. M. Inst Borough Surveyor, Reading. 

C.E. {Vice-President,) 

Pattxboh, J., jun. .. .. Borough Surveyor, Newcastle-under-Lyme. 

Pbntt, W. G Surveyor to the Rural Sanitary Authority, York, 

FffFBEB, J Borough Surveyor, Janow. 

PiGKXBiNa, RiOHABD .. .. 11, Lowther Street, Whitehaven. 

PiLDiTCH, J. T. » Surveyor to the Parish of Battersea. 

Platt, S. S., Assoc. M. Inst. Borough Surveyor, Rochdale ; Bon. Secretary 

C.E. {Memher of OouncU,) Lancashire and Cheshire District 

PoLLABD, J., Assoc M. lust Late Surveyor to the Local Board, Hendon, 

C.E. 7, Gt. Queen Street, Westminster. 

PoBTBB, R .« Borough Surveyor, Wakefield. 

Pbiob, John, Assoc. M. Inst. Surveyor to the Local Board, Tozteth Park, Liver- 

C.E. pool. 

PRFFCHARD, EDWARD, 87, Waterloo Street, Birmingham, and 2 Storey's 

M. Inst C.B. {Past Preai- Gate, S.W. 

dent.) 
PnooTOB, J., BL Inst C.E. .. 18, Mawdesley Street, Bolton, Lancashire. 
PuBNXLL,E. J Ciiy Surveyor, Coventry, Warwickshire. 

Badfobd, J. C. District Surveyor, Putney. 

Baubdev, A Surveyor to the Local Board, Chiswick. 

Bead, Riohabb, Assoc M.In8t City Surveyor, Gloucester. 

C.E. (Member of OownoU,) 

BiOHABDS,R.W City Surveyor, Sydney, N.S.W. 

BiOHABDSON, Jas • Urban Sanitary Authority, Stamford. 

BiOHABDSGN, H Surveyor to the Local Board, Oldbury. 

RoBnraoN, W. J., Assoc M. City Surveyor, Londonderry. 

Inst C.E. 

BoBSON, O. C, Assoc. M. Inst Surveyor to the Local Board, Willesden, Middlesex ; 

C.E. (Member of Councii,) Bon. Secretary ^ Home Counties District. 

RoTHWXLL,E Late Surveyor to the Local BourcL Norden near 

Rochdale. Tramways Co., Rochdale. 

RoTTNTHWAiTB, R. S Borough Engineer, Sunderland. 

Rows, Wic. Tiverton, Devon. 

RoTLE, H., Assoo. M. Inst. Surveyor to theLocal Board, Stretford, Lancashire. 

C.E. 
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BuoK, F. W County Surveyor, Kent, Maidstone. 

BuKBLB, F. J Surveyor to the Local Board, Xew Bamet 

Badleb, G. W, Surveyor to the Sanitary Authority, Oheltenham. 

Savage. Wm. Ht Surveyor to the Local Board, East Ham. 

Boorrr, B. S. .. .. .. .. Surveyor to the Local Board, Bishop's Stortford. 

Shabmak, E Surveyor to the Local Board, Wellingborough, 

Noithamptonshire. 

Sheppabd, Gbo Borough Surveyor, Newark. 

Bhuttleworth, F. H., Assoc. Surveyor to the Local Board, LittIeborongh« 

M. Inst O.E. Lancashire. 

SiDDONS, J. M. Town Surveyor, Oundle, 

SiLOOOK, E. J., A. M.In8t.0.E. Borough Surveyor, King's Lynn. 

Smith, O. F Surveyor to the Local Board, Hilverton, War- 
wickshire. 

Smith, J. W. M. .. .. .. Borough Surveyor, Wrexham, Denbighshire, Hon. 

{^Member of Council,} Secretary, Wales District. 

Smtthis,F Surveyor to the Bural Sanitary Authority, 

SolihuU. 

Spenoeb, J. P., A.M.InBt.G.E. 50, Side, Xewcastle-on-Tyne. 

Spines, W.,i^ssoc.M.InstG.E. Surveyor to the Local Board, Dukinfield. 

Stafford, J. E., Assoc. M. Late Borough Engineer, Burnley. 

Inst. O.E. 

Staikthobfb, T. W Surveyor to the Eston District Local Board, York- 
shire. 

Stanbfield-Bbuh, J., Assoc. Town Surveyor, Bradford-on-Avon. 

M. Inst O.E. 

Stephens, B. J Surveyor to the Local Board, Belgrave. 

Stevens. Gbobob Borough Surveyor, Gk>dmancheBter. 

Stewabt, a Surveyor to the Bund Sanitary Authority, 

Maldon. 

Stewabt, Wm. Surveyor to the Local Board, Bugby . 

Stokoe, J Surveyor to the Local Board, Altrincham. 

Stbaohan, G. B., Assoc M. Surveyor, Ohelsea. 

Inst C.E. 

Stungfellow, H. W. .. .. City Surveyor, Ohichester. 

Stuart, J. Surveyor to the Local Board, Smethwick. 

Stubbs, Wm., Assoc. M. Inst. Borough Surveyor, Over Darwen. 

O.E. 

Swabbbioe, Joseph, Assoc. M. Surveyor to the Local Board, Withington, near 

Inst G.E. Manchester. 

Swindlehubst, J. E., Assoc. Surveyor to the Local Board, Bawtenstall. 

M. Inst. O.E. 

Btxxb, Ed., A.M.LO.B. • • Surveyor to the Local Board, Oheadle, Manchester. 

Tahnsb, W. County Surveyor, Monmouthshire, Newport. 

Tatlob, H. a., M. Inst O.E. Surveyor to the Local Board, Clevedon, Somerset 

Thomab, John Surveyor to the Bural Sanitary Authority,Swansea. 

Thomas, W Surveyor to the Margam Local Board, Porttalbot 

S.W. 

Thomas,W., Assoc.M.Inst.C.E. Borough Surveyor, Dover. 

Thomas, W. E. C, Assoo. M. Surveyor to the Bural Sanitary Authority, Neath« 

InstCE. 

Thompson, B Surveyor to the Local Board, Waterloo, near 

Liverpool. 

Thobbubn, T. C. Borough Surveyor, Birkenhead. 

Thobbold, S. B Surveyor to the Local Board, Bedditch. 

TILL, W. S., M. Inst. C.E. .. Borough Engineer, Birmingham. 
(Past President.) 

Tomes, C Borough Surveyor, Eastbourne. 

Tbapp, S. C 88, Mosley Street, Manchester. 
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TuDOB, E. 0. B Surveyor to the Local Board, Ooo1e» Yorkahire. 

Ttbneb, L. Surveyor to the Rural Sanitary Authority 

Headington, Oxford. 

Yalon, W. a. MoIntobh, Ramggate Corporation Qas Works Engineer. 

Assoc. M.LG.E. 

YAWSEB, B., M. Inst. G.E. 17, Cooper Street, Manchester. 
(Fast President,) 

Wakblam, H. T., A.M.I.O.E. Surveyor to the Local Board, Oanton. 

Walkeb, T., Assoc. M. Inst. Borough Surveyor, Croydon, Surrey. 

C.E. (Member of CouncS.) 

Wallib,T. W. .* .. Borough Surveyor, Louth. 

Walbhaw, J. W Borough Surveyor, Peterhorough. 

Wabdlb, J. W., Assoc. M. Borough Surveyor, Longton. 

Inst. C.E. 

Watson, J. D., Assoc. M. Burgh Surveyor, Arbroath, N.B. 

Inst. G.E. 

WxAVEB, Wm., Assoc. M. Inst Surveyor to the Vestry, Kensington. 

O.B. 

Web8tsb,J. L. Borough Surveyor, Malton. 

Welbubn, W Borough Surveyor, Middleton near Manchester. 

Weston, Geo Surveyor to the Vestry, Paddington. 

Whebleb, G. B. W., Assoc. District Surveyor, Westminster. 

M. Insi C.E. 

Wheelbb, W. H., M. Inst. C.E. Borough Surveyor, Boston, Lincolnshire. 

White, A. E Borough Engineer, Hull. 

WHITE, W. H., M. Inst C.E. Engineer to the Local Board, Oxford. 
(Past President.) 

Whitlow, Hsnbt Surveyor to the Local Board, Ulverston. 

Wild, G. H Surveyor to Ijocal Board, Wnerdle and Waidle, 

Lancashire. 

Wilds, W.H Borough Engineer, Hertford. 

Wilkinson, J. P., Assoa M. Surveyor to the Local Board, Newton Heath, near 

Inst. C.E. Manchester. 

Willoox, J. E., Assoc. M. 118, Colmoie Bow, Birmingham. 

InstCE. 

Wilson, Geotfbet .. .. Surveyor to the Local Board, Alnwick. 

Wilson, J. B Court House, Cockermouth. 

Wilson, J Borough Surveyor, Baoup, Lancashire. 

WiuoN, William Surveyor to the District liocal Board, Dalton-in- 

Fumess. 

WiLLflON, J Surveyor to the Local Board, Ashford. Kent. 

Window, A.B., Assoc M. Inst Late Surveyor to the Local Board, Bisnop's Stort- 

C.E. ford, 2, Fairfield Street, Prescot St, Liverpool. 

WiNSHip, G., A. M. Inst CJB. Borough Surveyor. Abingdon, Berks. 

Witts, J. W. Town Surveyor, Skelton in Cleveland. 

WoLSTHNHOLKB, J Borough Survoyor, Blackpool. 

Wood, A. B. Surveyor to the Local Bourd, TunstalL 

WooDBBiDGB, C. A.' .. .. Surveyor to the Looal Board, Pinner. 

WoBSwiOK, B. A. Surveyor to the Local Board, Saltbum-by-the-Sea. 

WoBTH, J. E., Assoc M. Inst Engineer to the Local Board, Tottenham. 

O.E. 

Weight, J. Borough Surveyor, Maodesfleld, Cheshire. 
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Ball, Gbo Boron^ Surveyor'fl Office, Scarborotigh, 

Babnes, S. W. J. Local Board Offloes, Ealing, W. 

GoALBS,H. G Beaconafleld Place, Southall. 

OooK, J Borough Sarveyor's Office, Bury. 

OooPBB, 0. H., A.M.I.G.K . . Surveyor's Office, Wimbledon. 

Obow, A. 85, Queen Victoria Street, E.O. 

Pbntoh, W. Boyough Surveyor's Office, Sheffield. 

FRANKflL T. W. Town Hall, West Biomwich. 

Glass, S.N Town Hall, Hackney, E. 

Gbbatobex, a. D Surveyor's Office, Town Hall, Manchester. 

HouoHToy, J Surveyor's Office, King's Norton. 

Jamsbon, M. W Town Hall, Hackney, E. 

Ltnaic, G. T 14, Huddersfield Road, Bamsley. 

BIsllob, T. E. W Town Surveyor's Office, Tunbridge Wells. 

Niokols, F. J. Borough Surveyor*8 Office, Leeds. 

Parkxb, W Borough Surveyor's Office, Hereford. 

PiOKEsmo, J. S. 8, Dugdale Street, Nuneaton. 

Pbitohabd, T. Town Surveyor's Office, Richmond, Surrey. 

BiOH, E. W Alderwich House, Hounslow. 

Sauhdbbs, J Borough Surveyor's Office, Newark. 

8m ith-Saville, B. W. . . . . Borough Surveyor's Office, Accrington. 

Wabd, F. D. 44, Oombrook Street, Old Trafford, Manchester. 

Youvo,W. Town HaUf Salford. 
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TOWNS AND DISTEICTS EEPEESENTED BY MEMBERS 
OP THE ASSOCIATION. 



Abbbgavemnt Jon. Haigh. 

Abingdon • G. Winship. 

Abbam Geo. Hcatou. 

AocBiHGTON W. J. Newton. 

„ E. Knowles. 

Acton C. N. Lailey. 

Aldbbshot W. L. Goulson. 

Alnwick G. Wilaon. 

Alton J. Barlow. 

Altrincham J. Btokoe. 

ALTEBfrroKB W. H. Fry. 

Abbroath J. D. Watson. 

Ashbt-dc-la-Zouohb, B S.A J. W. Metoalf. 

AsHFOBD J. Willson. 

Ashton-undeb-Lyne J. T. Eamshaw. 

AspULL Geo. Heaton. 

Abton Manob W. A. Davies. 

AuDENSHAW .. .. J. H. Burton. 

Atlesbubt G. Cannon. 

Baoup J. Wilson. 

Babking 0. J. Dawson. 

Babbow-in-Fukne88 W. H. Fox. 

BABTON-upoN-lBWELL(KQral).. .. 0. G. Hooloj. 

Babfobo Union (B.8.A.) J.Parker. 

Batley J. W. HorHfleld. 

Battebsea J. T. Pilditoh. 

Beokenuam G. B. Carlton. 

Bbdfobo J.Lund. 

Belgbave B. J. Stephens. 

Benwbll T.Dawson. 

Bebwick-on-Twebd D. M. MacGregor. 

Betebley J. Beaumont. 

BiNGLEY R. Armistead. 

Bibkenhead T. C. Thorburn. 

BlBMINGHAM W. 8. Till. 

B. Pritchard. 

Bishop's Stobtfobd B. S. Bcott. 

BLABY(Bural) E. L. Miles. 

Blaokbubn J. B. McOBkUum. 

Blackpool J.' Wolstenholme. 

Blaina G.Stevens. 

Blaydon-on-Tynb M. Hawdon. 

BooNOB W.L. Barret. 

Bolton W. H. Brookbank. 

„ J. Proctor. 

BoOTLB-ouM-LiNAOBB W.N.Blair. 

Boston W.H.Wheeler. 

BouBNEMOtTH G. B. Audrews. 

BowDON J. Newton. 

Bradford J. H. Cox. 

Bbadfobd-on-Ayon J. Standfield Brun. 
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Brat, Irkland F. 0. Gombor 

Brecknock B. Davies. 

Brentford.. .. F. W. Laoey. 

Bridgewater O. B. Laffan. 

Bridlington 8. Dyer. 

Brighton P. G. Lockwood. 

Brisbane, Queensland T. Kirk. 

Bristol F. Ashmead. 

Bromlet H. S. Gregeen. 

Burnley F. S. Button. 

BuRSLEM J. E. Worth. 

Burton-ufon-Trent E. Glavey. 

Burt J. Gartwright. 

„ J. Farrar. 

Buxton J. Hague. 

Cablislb .. .. H. U. MoEie. 

Garshalton T. L. Hewaid. 

Gheadlb E. Sykes. 

Ghelsea O. B. Straohan. 

Gheltbnham O.W.Sadler. 

Gheshunt T.Bennett 

Ghester I. M. Jones. 

Ghestbrton D. Bland. 

Ghiohbster H. W. Stringfelluw. 

Ghiswiok A. Bamflden. 

Gleyedon, Somerset H. Taylor. 

GooKBRHOUTH B. S. Marsh. 

Golohester H. Goodyear. 

Golne J. Mallinson. 

GOKPTON GUTFORD J. G. Inglis. 

GovENTRT E. J. Pumell. 

Grewe .. .. G. Eaton-Shore. 

Grompton J. Mawson. 

Grotdon T. Walker. 

„ (Rural) B. M. Ghart. 

Dalton-in-Furne88 William Wilson. 

Darlaston T. W. Debucy. 

Dewsburt H. F. Marks. 

Donoaster W. H. R. Grabtree. 

Dorking 0. 8. Mathews. 

Dover W. Thomas. 

DuBUN G.'Harty. 

Dudley J. Garomage. 

DuKiNFiBLD W. Spinks. 

DcNooN Jas. Gollie. 

Ealing .. .. G.Jones. 

Eastbourne G. Tomes. 

East Ham W. H. Savage. 

Edinburgh J. Gooper. 

Edmonton G. E. Eachus. 

Epsom J. B. Hardmg. 

EsTON District T. W. Stainthorpo. 

FsNTON S. A. Goodall. 

FiNCHLET G. W. Bmmell. 

Fleetwood • M. S. Gaulter. 

Fbomb P. Edinger. 

Ft'LHAM J. P. Norrington. 
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Oateshead-on-Ttnb J. Bower. 

Glouobsteb B. Bead. 

GooLE, YoRKSHiBB E. 0. B. Tudor. 

GoBTOH T. Mayor. 

GaANTHAM, LiNOOLHSHUiB .. .. S. G. Gamble. 

Great Obosby W.Hall. 

Great Gbucsbt J. Buchan. 

„ „ .. J. Manghan. 

Gbsat Tabmouth J. W. Cockrill. 

Halitax KB. S. E80otl. 

Hampstead .. C. H. Lowe. 

Hanlet J. Lobley. 

Habbobne B. Dixon. 

Uabtlbfool H. 0. Grammaok. 

Habwioh H. Ditoham. 

Ueadinqton (Bmal) L. Turner. 

Ujbckhondwike .. .. T. Gledhill. 

Hendon S. B. Grimley. 

Hereford J.Parker. 

Hebtfobd W.H. Wilds. 

Heston and Islewobth W. B. Bromley. 

Hbxhax B. Grieves. 

Hetwood J. Du;gle. 

Hincelet W. W. Cooper. 

Hoknbea P. Gaskell. 

Hornbet T. De O. Meade. 

Hull A. E. White. 

Huntingdon B. Hntehinson. 

Hurst Brook J. Heys. 

Hyde J. Mitchell. 

Ipswich E. Buckham. 

IsLiNaTON, Parish OF O. Higgins. 

Jabbow J. Petree. 

Kbarslet T. Nuttall. 

Kensington W. Weaver. 

Kidderminster A. Comber. 

King's Ltnn E. J. Siloock. 

King's Norton (Bural) B. Godfrey. 

KlRKLEATHAM J. HoWCroft 

Lanoasteb A. Creer. 

Leamington Spa W. De Normanvillc. 

Leeds T. Hewson. 

Leek J. Myatt. 

Leigesteb J. Gordon. 

Lewes A. Holt 

Leyton, E W.Dawson. 

LiNOOLN B. A. MacBrair. 

Littlebobouoh F. H. Sbuttleworth. 

Litebpool C. Dnnscombe. 

„ G. F. Deacon. 

„ G. Biddle. 

Llandudno T. T. Marks. 

Londonderby, Ibeland W. J^ Bobinson. 

LoNGTON J. W. Wardle. 
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LouGHBOBonaH Geo. Hoclson. 

Louth T. W. WaUis. 

Lowestoft G. H. Hamby. 

„ B. H. Inch. 

Luton, Bedfordshire W. H. Leete. 

Macclesfield J. Wright. 

Maidstone F. J. G. May. 

„ (Bural) E.P. Hooley. 

Maldon (Rural) A. Stewart. 

Malton J. L. Webster. 

Manchester J. Allison. 

„ J.Newman. 

„ S. 0. Trapp. 

„ B. Vawaer. 

Makgam .. ^ W. Thomas. 

Melton MowBBAT E. Jeeves. 

Mebthyb Ttdfil S. Harpur. 

Middlesbrough £. D. Latham. 

Middleton (Lancashire) .. .. W. Welbum. 

MiLYEBTON G. F. Smith. 

MiBFiELD F. H. Hare. 

MoNMOUTHSHiBS (Gonnty) .. .. W. Tanner. 

MoBPETH T. W. Middlemlss. 

Neath D. M. Jenkins. 

„ (B.S.A.) W. E. 0. Thomaa 

Nelbon-in-Mabsden W.Dent. 

Neston J.Morris. 

Nbwabk Geo. Sheppard. 

New Babnet F. J. Bumble. 

New Malden T. L. He ward. 

Newoastlb-om-Ttne W. G. Laws. 

„ J.P.Spencer. 

NEWCASTLE-rNDEB-LTlCE J. PattisOD, JUD. 

Newton Heath J.P.Wilkinson. 

Newton-in-Maksbfield B. Brierley. 

NoBDEN Geo. Lan(L 

NoBWiCH P. P. Marshall. 

Nottingham A.Brown. 

Okbhampton H. Geen. 

Oldbubt H. Bichardson. 

Obbell G. Heaton. 

OswESTBY H. T. Wakelam. 

OuNDLE J. M. Siddons. 

OvEB Dabwen W. Stnbbs. 

OxFOBD W.H. White. 

Paddington Geo. Weston. 

Padihah J. Grefi;8on. 

Pembebton Geo. Heaton. 

Petebbobough J. W. Walshaw. 

Pewset J. Bateman. 

PiNNEB O. A. Woodbridge. 

Plumstead W. G. Forder. 

Plymouth G.D.Bellamy. 

, B. Hodge. 

PooLB J. Elford. 

Portsmouth H. P. Boulnois. 

Presoot W. Goldsworth. 

Putney J. 0. Badford. 
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Ramsbottom T. Nnttall. 

Ramsoatb W. A. M. Valon. 

Kawtenstall J. E. Swindlehurst. 

Beading A. W. Parry. 

Redditch S. E. Thorrold. 

Rhyl Robt. Hngbes. 

Richmond W. Brooke. 

Rochdale 8. S. Piatt 

RocHEBTEB W. Banks. 

Bothbrham G. JenningB. 

Rugby W.Stewart 

Ryde F. Newman. 

Sale A. G. MoBeath. 

8altbubn-by-ths-Sea B. A. Worswioh. 

Selby .. .. T. MallinBon. 

Setenoaxs J. Mann. 

Shaw J. Mawaon. 

Sheffield B. Davidson. 

Shbbbornb T. Farrall. 

Shifnal W. F. T. Molineux. 

Skei/ton IN Cleveland J.W.Witts. 

Sleafobd Jesse Clare. 

SxETHWiOK J.C.Stuart 

Solihull (B.S.A.) F. Smytho. 

Southampton W. B. G. Bennett 

„ J. Lemon. 

Southoatb .. .. 0. G. Lawoon. 

SouTHPOBT .. .. W. Crabtree. 

South Hobnsey Ed. Fry. 

South Shieldb M.Hall. 

Stafford W. Blackshaw. 

Stamfobd Jas. Richardson. 

Stockfobt A. M. Fowler. 

Stockton K.P.Campbell. 

Stoke-on-Tbent W. Bowen. 

Stoubbbidgb W. Fiddian. 

8tbatfobd-on-Aton A. T. Davis. 

„ „ T.T.Allen. 

Stbeatham Jas. Barber. 

Stbbtiobd H. Boyle. 

Stboud J. P. Lofthonse. 

St. Geobge, Bbistol (R.S.A.) .. Wm. Cloutman. 
St. Gbobge the Mabtyb, South- 

WASK A. M. Hisoocks. 

St. Luke, Middlesex M. C. Meaby. 

St. Maby, Islington J.P.Barber. 

St. Savioub, SouTHWABK .. .. G. B. Norrish. 

St. Thomas, nsab Exeteb .. .. S. Churchward. 

SuNDEBLAMD B. 8. Bounthwaite. 

Sussex (West) (County) E. B. Ellice-Olark. 

Swansea (Bund) J.Thomas. 

SwiNTON, ToBKSHiBB J. C. Hallor. 

SWINTON AND PeNDLEBUBY, LaNOA- 

SHiBE A. H. Mountain. 

Sydney, N.S.W B. W. Bichards. 

Tamwobth (B.S.A.) H. J. Clarson. 

Tewkesbuby, Gloucestebshibe W. H. Gray. 

TivBBTON, DisyoN Wm. Bowe. 

Todmobden A.Greenwood. 

ToOTiNO Jas. Barber. 
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Torquay Joseph Hall. 

ToTTBNHAii J. E. Worth. 

ToxTETH Pabk J.Price. 

TuNBTAix A. R. Wood. 

TuRTON Jas. Parkinson. 

Ttkemoutb 0. T. Gomoazynski 

Ultkrbtok • .. Hy. Whitlow. 

Yentnor J. G. Liyeaay. 

Waeetield R. Porter. 

Walsall A. Hardwicke. 

Walsoken J. Kerridge. 

Walthamstow .. .. G. B. Jemun. 

Walton on the Hill S. Middlebrook. 

Wanstbad J. T. Bressey. 

Warrington T. Longdin. 

Waterloo, Literpool R. Thompson. 

Watford C. 0. Lovejoy. 

Wayertree I. Dixon. 

Wbllingborouoh £. Sharman. 

West Bromwioh, Stafforvbhire .. J. T. Eayrs. 

West Derby, Liyerfool .. .. E. H. Allies. 

West Ham, London L. Angell. 

West Hartlepool J.W.Brown. 

Westminster G. R. W. Wheeler. 

Weston-supbr-Mare A. E. Collins. 

Weymouth and Meloombe Regis.. W. B. Morgan. 

WmTEHAYEN R. Pickering. 

WiDNES T. Higginson. 

WiLLESDEN O. C.Robson. 

Wimbledon W. Santo Crimp. 

WiTHiNQTON J. Swarbrick. 

WoLYERHAMFTON R. E. W. BerringtoD. 

Woodford J. D. Hooper. 

Worksop J. Allsopp. 

Worthing W. Home. 

Wrexham J. W. M. Smith. 

y, A. 8. Jones. 

„ (Rnral) A. C. Ranch. 

WuERDLE AND Wardle G. H. Wild. 

York E. G. Mawboy. 

„ (Rural) W. G. Penty. 



PARLIAMENTARY COMMITTEE. 

E. B. Ellice-Clabk (Hove), Chairman. 

Lewis Angell (West Ham). I A. Parry (Reading). 

Chas. Jones (Ealing). O. C. Robson (W^illeaden> 

T. De O. Meade (Uomsey). W. H. White (Oxford). 
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RULES OF THE ASSOCIATION. 



I. — That the Society be named the *' Association of Municipal and 
Sanitaby Engineers and Subvetobs." 

11. — That the objects of the Association be — 

a. The promotion and interchange among its Members of that species 
of knowledge and practice which foils within the department of 
an Engineer or Surveyor engaged in the discharge of the duties 
imposed by the Public Health, Local Goyernment, and other 
Sanitary Acts. 

&. The promotion of the professional interests of the Members, 
c. The general promotion of the objects of Sanitary Science. 

III. — ^That the Association consist of Civil Engineers and Surveyors hold- 
ing chief permanent appointments under the various Municipal Corporations or 
Sanitary Authorities within the control of the Local Government Board, or 
under the Metropolis Local Management Acts. Each Candidate for Member- 
ship shall be proposed by at least two Members, who from personal knowledge 
of such Candidate shall certify that he possesses the necessary qualification* 
Candidates residing outside England and Wales not known by two Members 
of this Association may be proposed by three Corporate Members of the 
Institution of Civil Engineers. Members who cease to hold their appointments 
are eligible for re-election by the Council, but will be disqualified from holding 
any office. Civil Engineers and Surveyors holding other chief permanent 
appointments under any Public Authority within the United Kingdom, or in 
the Colonies or Foreign Countries, shall be eligible for election as Members, 
subject to the approval of the Council. The Council shall also have power 
to elect such Honorary Members as they may see fit 

IV. — ^That the Affairs of the Association be governed by a Council, con- 
sisting of a President, Three Vice-Presidents, Twelve Members, and an 
Honorary Secretary, to be elected annually. The Past Presidents and the 
District Secretaries for the time being shall also be Members of the CounciL 

V. — ^That the Coimcil shall nominate one name for President, six for 
Vice-Presidents, one for Honorary Secretary, and fifteen for Ordinary Members 
of Council. In addition to these each Member of the Association shall be at 
liberty to nominate one Member for the Council, but in the event of the last- 
named Nominations exceeding fifteen, the Council shall reduce them to that 
number, so as to leave thirty names in all from which to elect the required 
number of Ordinary Members of Council. Members' Nominations must be 
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XXIV BXJLES OF THE ASSOCIATION. 

in the hands of the Secretary on or before the 20th of April in each year. 
And in case the Members' Nominations should not reach fifteen, the Council 
shall have the power to make up the total nnmber of Nominations to thirty. 
Such list of thirty Nominations shall be printed and sent to each Member ot 
the Association not less than fourteen days previous to the Annual Meeting. 
Every Member shall be entitled to vote for or erase any of such Nominations 
or substitute other names, subject in all cases to the limits of Rule IV., and 
return the same within seven days from the date of issue. Such ballot papers 
shall be examined in London by the President, Secretaries, and two Scruti- 
neers appointed at the previous Annual Meeting, or by any two of the afore- 
said Members. Any Member canvassing for votes for the office of Member 
of Goimcil shall be considered ineligible for election. 

VI. — ^That the Association be formed into District Committees which shall 
include the whole of the Members. Such Committees shall meet from time 
to time, in convenient centres, for the discussion of matters of local and 
general interest connected with the Association. Each District Committee 
shall appoint a District Secretary, who will keep records of local proceediugs, 
and communicate with the CouncU. All District Secretaries shall vacate 
their office at the Annual Meeting, and Members shall then be appointed to 
act as Local Secretaries until a District Meeting can be arranged, at which 
Meeting a District Secretary shall be appointed. 

VII. — That a General Meeting and Conference of the Association shall be 
held annually in such towns, in rotation, as may afford convenient centres for 
assembling the Members. 

VIIL — ^That each Member pay an entrance-fee of One Guinea, and a 
subscription of One Guinea per annum. 

IX. — ^That no new Rule or alteration of any existing Rule be made unless 
Notice of Motion for such purpose and the proposed Resolution thereon be 
sent to the Secretary by the 3 1st March, and such Notice of Motion and 
Resolution shall be printed in the Agenda for the ensuing Annual Meeting. 

X. — That Candidates successful in obtaining certificates of competency at 
any examination under the auspices of the Association, and who are not other- 
wise qualified as Members of the Association, shall constitute a class of 
graduates on payment of an annual subscription of One Guinea ; and as such 
shall be entitled to attend the General and District Meetings and to take part 
in the proceedings thereof, and be entitled to a copy of the Minutes of the 
Proceedings, but shall not take part in the election of the Council. Graduates 
shall be transferred to the class of member when qualified according to 
Rule III. A graduate shall not be required to pay an entrance fee either on 
his becoming a Graduate or on his transfer as a Member. 
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ASSOCIATION OF MUNICIPAL AND SANITARY 
ENGINEERS AND SURVEYORS. 



* 



FIFTEENTH ANNUAL MEETING. 
London, July 12th, 13th, and Uth, 188a 



GENERAL BUSINESS. 



Thb Membeis assembled in the Theatre of the Institation of Ciyil 
Engineers, Great George Street, Westminster, when Mr. J. Gordon, 
President, took the chair, and the Minutes of the Annual Meeting 
held in Leicester in July 1887 were read, confirmed, and signed. 
The Segretaby then read the Council's Annual Seport for the 
year ending April 30th, 1888. 

ANNUAL EEPORT. 

In meeting the Association for the fifteenth year, the Council 
have to express their gratification at the progress which has been 
made during the last twelve months. 

During the year more new Members have joined than in any 
previous year, and the papers read have been very valuable, and 
the meetings of a very instructive character. 

The following District Meetings have been held since the last 
General Meeting in Leicester, on the 14th July, 1887, and the two 
following days. At Newcastle-on-Tyne, on the 13th August ; at 
West Bromwich, on the 3rd of September ; at Luton, on the 29th 
of October ; at Maidstone, on the 17th of March of this year ; at 
Lincoln, on the 14th of April ; at Leamington, on the 26th of 
May ; at York, on the 9th of June ; and at Carlisle, on the 23rd 
of June. Although this number of District Meetmgs has been 
unusually large, their appreciation by the Members has not in any 
way diminished, as is testified by the attendances, by the mteresting 
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and yalnable discnssioss upon papers of importance, and the visits 
to works in the several localities, from which some practical informa- 
tion is always gathered. In all cases, the Association has been 
most kindly welcomed by the Municipal Anthorities, and the thanks 
of the Association must be gratefully placed on record, for the 
courtesies thus extended to them, as unquestionably the success of 
these meetings is in great measure due to the kindly assistance 
thus given us. 

During the financial year ending April 30th, sixty-two new 
Members, consisting of fifty-two Ordinary Members and ten 
Graduates, have joined the Association, one Member has resigned, 
there has been one death, and four names have been written off. 
The number on the roll of the Association at the close of the year 
was — 14 Honorary Members, 320 Ordinary Members, and 15 
Graduates, making 349 in all. 

The audited Balance Sheet, which accompanies this Beport, 
shows a balance in hand on the 30th April of 369Z. 1$. Id. This, 
taken with the statement of Assets and Liabilities, shows a satisfac- 
tory financial position. The Auditors' Beport will be read to this 
meeting. 

The Ballot Usts having been duly issued, the Scrutineers report 
the following gentlemen elected for the Council : — 

President— K B. Ellice-Clark. 

Vtce-Presidents. — H. P. Boulnois, A. M. Fowler, A. W. Parry. 

Ordinary Members of Council. — A. Brown, J. Cartwright, 
J. H. Cox, C. Dnnscombe, J. T. Eayrs, E. E. S. Escott, 
T. Hewson, J. B. MacCallum, H. U. McKie, T. De C. Meade, 
E. Bead, and T. Walker. 

Honorary Treasurer. — L. Angell. 

Honorary Secretary. — G. Jones. 

Two examinations have been held during the year, the first of 
which took place on the 7th and 8th of October, in the Town Hall, 
Manchester, the use of which was kindly granted by the Corpora- 
tion of that city. At this examination nine candidates presented 
themselves, of whom the following satisfied the examiners, and 
were granted their certificates : — J. Cook (Bury), T. E. W. MeUor 
(Stockton), J. W. Metcalf (York), W. Parker (Hereford), E. W. 
Smith-Saville (Accrington), and F. D. Ward (Manchester). The 
examiners were Messrs. Laws, EUice-CIark, Gordon, and Boulnois. 
The second examination was held in London on the 27th and 28th 
of April, at the Institution of Civil Engineers, Westminster, the 
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use of which was kindly granted by the Cooncil of that body. At 
this examination twenty-three candidates presented themselves, and 
of these the following fourteen gentlemen satisfied the examiners 
and received their certificates : — S. W. J. Barnes (Ealing), G. H. 
Bayley (Salford), J. C. 0. Beynon (Exeter), J. G, Bryans (Snn- 
derland), C. H. Cooper (Wimbledon), A, Crow (Stratford), A. B. 
Finch (Finchley), 8. N. Glass (Hackney), R. M, Gloyne (Man- 
chester), J. Honghton (King's Norton), G. T. Lynam (Bamsley), 
G. R Milnes (Wakefield), T. Pritchard (Richmond), C. L. W. 
Wilson (Bacnp). The examiners were Messrs. Gordon, Laws, 
EUice-dark, Bonlnois, and Jones. In view of the comparative 
nnmbers of candidates appearing in London and the provinces, the 
Council has decided to hold the examinations in London in futnre. 
The next examination will accordingly be held in London in 
October next 

Yonr Council cannot allow their Beport to go forth without 
calling attention to the fact that one to whom we have been in the 
habit of looking as our leader in the sanitary world, and who has for 
so many years occupied the position of Chief Engineer to the Local 
Government Board, has retired from that honourable position, 
followed by the best wishes and kindly esteem of all who knew 
him. In tendering to Sir Robert Rawlinson our best thanks for 
the services he has rendered to Municipal and Sanitary Engineer- 
ing, we cannot but express our hope that he may be long spared to 
meet us at our meetings, and still aid us by his counsel and support. 

Your Council have had under its consideration the duties of 
surveyors in carrying out the terms of their appointment in con- 
nection with the Acts of Parliament on that behalf, and have 
memorialised the Local Government thereon. 

During the present session of Parliament a Bill was introduced, 
having for its objects compulsory Registration of Engineers, Sur- 
veyors, and Architects. The Bill was folly considered by your 
ParUamentary Committee, who found its provisions crude and un- 
workable, whilst the Bill would have perpetuated the very evils it 
sought to remedy. Your Council therefore petitioned against the 
BiU, which course was also adopted by other Societies representing 
these professions, and the Bill was withdrawn on the second 
reading. 

The provisions of the Local Government Bill now before the 
House are being carefally watched by your Parliamentary Com- 
mittee. 

B 2 
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By Bnle Y . as it at prdBent stands the Gonncil haye to nominate 
three names for Vice-Presidents. In order to give greater choice 
in the Ballot list^ it has been considered advisable to revert to the 
original number of six, and accordingly the Council now propose 
that this alteration should be made in the Bules. 

Since the last General Meeting the Council has to regret the 
loss by death of S. F. Eowley of Tipton, and T. Coulthurst of 
Derby, the latter of whom vTas for several years a member of your 
Council 

The Pkesidsnt moved, and Mr. J. Lemon seconded, the adop- 
tion of the Council's Report. 

Mr. G. B. Stbaohan asked for an explanation why the recom- 
mendation of the Council, adopted at the Hanley Meeting in 1886, 
had not been carried out It was then decided that prizes of £10 
and £5 should be awarded for the two best original papers of pro- 
fessional interest contributed each year. 

The Pbesidbnt said the Council's time had been greatly 
occupied by most important business ; but he had no doubt, now 
Mr. Straclum had called attention to this matter, it would be 
attended to in the future. There was nothing that would prevent 
it also being dealt vrith retrospectively. 

Mr. Eaohtts asked what steps had been taken with respect to 
the Bamsgate decision. He was specially interested, as he vTas 
one of the Surveyors threatened to be attacked under it. 

The President rejoined that this was a question of great diffi- 
culty and some delicacy. The Council had given much attention 
to the matter, and had gone so fiar as to take a legal opinion as to 
the liability of Surveyors when carrying out the resolutions of their 
Local Auttiorities, but were not prepared to say more than was 
stated in the Council's Beport 

The Beport of the Council was then unanimously adopted. 

The Pkbsident read the Beport of the Auditors, who recom- 
mended that a notice should be issued to all Members whose sub- 
scriptions are two fall years in arrear, stating that, unless the 
arrears are paid within one month, their names will be struck off 
the list of Members. 

It was decided, on the motion of Mr. Badfoed (Putney), seconded 

by Mr. Bbooke (Bichmond), to extend the time for the payment 

of arrears to three months ; and with this alteration, the Auditors' 

Beport was adopted. 

On the motion of Mr. Vawsbb, seconded by Mr. Eaybs, the 
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whole of the Home District Seoretaries were contmned in o£Eice, 
until the next meeting of their respeotiye Districts. 

Messrs. 0. H. Lowe, Hampetead ; John Price, Toxteth Park ; 
S. G. Gamble, Grantham; and J. G. Badford, Putney, were 
appointed Secretaries for the ensning year. 

The Auditors were unanimously reappointed, on the motion of 
Mr. Eaybs» seconded by Mr. Db Gouboy Mbade. 

Mr. J. LoBLET proposed, and Mr. MoEib seconded, a hearty 
Yote of thanks to the retiring President for his valuable serrices to 
the Association during the past year. 

The resolution haying been unanimously adopted, Mr. Gordon 
expressed his thanks for the compliment, and then introduced the 
Psesideni-Elbgt, Mr. E. B. Eluoe-Glabk, Westminster. 

The Prbsideni then delivered his inaugural address.* 

Ghas. Jones, Han. See. 
Thomas Gole, Seeretary. 



* This address and the papers read at the meeting will be found at the end of 
the volume. 
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DISTRICT MEETING AT NEWCASTLE. 

August 13th, 1887. 

Held in the Council Chamber, Neivearile-on-Tyne. 

Mr. W. Geo. Laws, Pasl-Preaident, in the Chair. 



Mr. T. Dawson, Surveyor to the Local Board, Benwell, was 
elected Honorary Secretary for the Northern Conniies District. 

A Yote of thanks was nnanimotisly accorded to Mr. P. W. 
Thomson for his long seryices as Hon. District Secretary. 

THE FLOATING HOSPITAL OF THE RIVER 
TYNE PORT SANITARY AUTHORITY. 

By W. GEO. LAWS, M. Inst. O.E. 

It may be interesting to the Members of the Association to have 
a short account of the formation, history, and work of the Biyer 
Tyne Port Sanitary Authority, whose Floating Hospital at Jarrow 
Slake is the subject of the short descriptive paper now submitted to 
them. 

Ships that have on board cases of fever and other infectious 
illnesses are, of course, a source of danger to the ports at which 
they call, and timely inspection and the removal of infectious cases 
to hospital, whUe the ship itself is put under quarantiae, may often 
prevent the spread of a serious epidemic. This inspection, and the 
provision of the necessary hospital accommodation, is the chief 
duty undertaken by the port sanitary authorities of the kingdom, 
among which that of the Tyne is not the least active. 

The Tyne Port Sanitary Authority, having informally existed 
smce 1878, was permanently constituted under the Public Health 
Act in the year 1882, and consists of fifteen representatives chosen 
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by the varions riparian Local AnthoritieB, in proportion to their 
rateable value thus — 

Newcastle-on-Tyne elects 6 members. 

Gateshead „ 2 „ 

Tynemouth .. .. .. .. » 2 „ 

South Shields ,2 „ 

Jarrow .. .. .. .. .. .. » 1 ^ 

Local Boards on the north bank of the Tyne „ 1 „ 

Local Boards on the south bank of the Tyne „ 1 „ 

Total .. .. 15 

Their official staff consists of a Medical Officer of Health, 
Dr. H. E. Armstrong (who is also the Medical Officer of Health 
for Newcastle-on-Tyne) ; an assistant Medical Officer of Health, 
Dr. J. F. Armstrong; Chief Inspector of Nuisances, Mr. J. F, 
Taylor ; Clerk, Mr. S. E. Hannay ; Treasurer, Mr. J. J. Pace ; 
and the requisite assistant staff. For the purpose of carrying on 
the work of the Authority, they have a chief office at the Town 
Hall at Newcastle-on-Tyne, and an Inspectors* Station and Offices, 
including a residence for the Chief Inspector at South Shields. 
The work of inspection of the vessels is carried on by means of a 
small steam-launch, which also serves to convey patients from the 
ships to the Hospital. 

Some idea of the work of the Authority may be formed by 
examining the figures given in the able and interesting report of 
the Medical Officer, Dr. Armstrong, for the year 1886. From that 
report it appears that during the year, 14,080 visits of inspection 
had been made to 12,139 vessels, while during the eight years the 
Authority has been in existence, 64,658 vessels had been visited and 
examined. Those who may wish to know the value of that work, 
and the mode in which it is done, are referred to the Supplement to 
the 15th Annual Report of the Local Government Board (Beports 
and papers on Cholera, 1885-6). 

The hospital accommodation now possessed by the Authority 
includes : — 

1. A floating hospital, built on the hulk of an old steam-ferry 
boat, and capable of accommodating fifteen patients, having also a 
residence for the hospital-keeper and attendants. 

2. A smaller temporary hospital for use in epidemics of cholera, 
which is built on the hulk of an old galliot, and will contain ten 



3. A smaller float, containing the hospital laundry, &c. 

/Google 
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(All the above are mooied in the riyer near the upper end of the 
Jarrow Slake.) 

4. The new Floating Hospital, which is the subject of this paper, 
and which is intended to supersede the No. 1 hospital, now be- 
coming unsafe from age. 

In 1884, the Authority haying had it reported to them that the 
hulk which carried the No. 1 hospital showed signs of decay, 
and beUeying that the existing provision was not large enough for 
the needs of the port, resolved to build a new and larger hospital, 
and requested the writer to advise thereon, and furnish them with 
designs. The original intention was to build the necessary wards 
(as had previously been done) on a hulk, and with this view several 
vessels were inspected, among others a disused gunboat, which had 
been offered by the Admiralty at the price of 2450Z. This hulk, 
however, lay at Portsmouth, and considering the cost of bringing 
her round to the Tyne, and of the alterations necessary to fit her 
for the reception of the hospital buildings, it was considered that it 
would be more economical to design and build a special float, on 
which more accommodation could be got for the same money. The 
writer advised the authority in this sense, and was instructed to 
furnish designs, which were approved. In November 1885 con- 
tracts were prepared for carrying out the work, which was let by 
pubUc tender to Messrs. Wood and Skinner, of Bill Quay. 

It was originally proposed to build the float first, and moor it in 
its intended site, and then to erect the wards upon it, but Messrs. 
Wood and Skinner conceived the bold and happy idea of building 
the whole hospital, including the wards, on the slipways, and when 
complete launching the whole, and moving it bodily down the 
river (a distance of over 4 miles) to its present berth. Haying 
convinced the writer that their proposal was not only feasible, but 
that they were able and willing to undertake the risk involved, 
he consented to their plan, which was successfully carried out 

To understand the difficulty of the operation, it will be necessary 
to give a general description of the design. The float consists of 
a series of ten wrought-iron cylindrical pontoons, each 72 feet long 
and 6 feet in diameter, with hemispherical ends. The displacement 
of each pontoon is 53j^ tons, or a total for the ten of 535 tons. 
Seven rolled wrought-iron girders, each 140 feet long and 
12 inches deep, connect the pontoons, being fixed to curved saddles 
which rest on the cylinders and are riveted thereto. The con- 
nection between the saddles and the girders resting on them, is by 
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Bcrew-boltef, so that any pontoon can be detached, partially sunk by 
admitting water, and so remoyed from its position for repair or 
painting. The distance between the centres of the pontoons when 
in position is 14 feet 6 inches. Across the iron girders are laid 
creosoted joists, 11 inches by 3 inches, 4 feet apart, which are bolted 
to wronght-iron chnbbs riyeted to the npper flanges of the girders, 
and across these joists again is laid a close deck of creosoted 
planking 3 inches thick, spiked down with 6-inch spikes. The 
whole forms a platform or deck, 140 feet long and 70 feet wide, 
which seryes to carry the ward blocks, &c. 

In order to preyent any tendency to racking of the float, a 
system of diagonal bracing of 4-inch by 3-inch T i'ons connects the 
longitudinal girders, being riyeted to the under-side of their upper 
flanges, thus securing perfect stiffness in the plane of the deck. 
The whole deck, howeyer, being thin relatiyely to its area, would 
yield partially to any inequality of support caused by heayy wayes, 
and as an additional precaution against this, and to relieye the 
strain caused by the tidal current acting on the submerged part of 
the pontoons, four balks of timber are run the whole length of the 
float below the pontoons, and are secured to the iron work of the 
deck by 1^-inch bolts. These were not intended in the original 
design, but haying been added for the purpose of facilitating the 
launching and protecting of the pontoons while being floated down 
the riyer, it was decided to retain them as likely to be still useful 
after the yeseel was moored. The pontoons haye each on their 
upper sides two manholes with bolted coyers, for the purpose of 
giying access to the interior. These are reached through trap- 
doors in the deck aboye. 

Access from boats to the deck is obtained by means of a sloping 
gangway, which at its lower end rests on a fender-beam attached 
to the ends of three of the pontoons, and senring to protect them 
from damage by the steam launch when she comes alongside. The 
height of the deck aboye water is 4 feet. The platform is pro- 
tected all round by a strong wooden hand-rail, and as the main 
buildings do not come nearer than 2 feet to the edge of the deck, 
there is a narrow passage thus left all round the outside to giye 
access for painting, repairs, &c. 

The ward blocks are three in number, built of timber, and with 
a double skin of cleading. They are each 65 feet long, 23j^ feet 
wide, and about 12 feet 6 inches high to eayes, and 21 feet 6 inches 
to ridge. The roof is of zinc, on Braby*s system. It is carried 
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on half-conpled timbers with purlins aiid rafters. Each ward 
block is divided into two wards for patients, containing six and 
four beds respectively; and to each ward is attached a small 
ofishoot 8 feet square, containing W.C. and scullery. In the 
centre of each ward is a Mnsgrave's slow-combnstion stove, the 
chimney of which is carried up through the roof, passing through 
a ventilating shaft 18 inches square, wideniug out to 3 feet at 
ceiling level. The stove-pipe thus does not come in contact with 
the wood in any part, and by its heat establishes an upward 
current through the ventilating shaft, which is controlled by Ught 
iron flaps worked by cords from below. 

The wards are lined with pitch-pine boards dressed and 
varnished, and the ceiling is of the same material carried along 
the couples and below the collar beam. There are eight windows 
in the larger ward, and six in the smaller. These are each 8 feet 
high by 2 feet 6 inches, and have sliding sashes for two-thirds of 
their height, the upper third forming a swinging sash, worked by a 
rack and screw by cords from below, so that they can be set to any 
opening, and fixed by the same operation. The entrance of pure 
air below is effected by Kite's ventilators fixed in the walls under 
each bed. The ventilation is thus under complete control. 

Each ward block has an independent floor laid on joists, and 
9 inches above the deck, thus further providing for ventilation. 
The two wards in each block are separated by a space of 10 feet 
wide, in which is contained the nurse's room, 13 feet by 10 feet, 
and the bath-room, 10 feet by 9 feet. 

A small window in each side of the nurse's room enables her to 
command a view of all the beds. In this room is placed a patent 
stove, formed of wrought iron and welded in one piece. This gives 
a constant supply of hot water by means of a circulating cistern in 
the roof, from which it is carried in wrought-iron pipes to the bath- 
room and scullery. Cisterns for fresh water, and river water for 
washing, are also contained in the roof, in the space above the 
ceilings. 

The soil pipes and waste pipes discharge directly into the water 
outside, and are cut off short 30 inches below deck-level, so as to 
form an effectual air trap, and prevent any of the excreta or slops 
hanging about their ends. A force pump in each scullery affords 
the means of raising river water for washing purposes. The fresh- 
water cisterns are filled from water boats plying on the river. 
Bain tubs are so placed as to catch the roof water and preserve it 
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for nsa A small porch oyer the three entrance doors forms a lobby 
to each ^vard, and protects it &om dranghts. 

The bath-room contains a lavatory with two tip basins, and a 
movable bath on wheels, which can in case of necessity be taken 
into the wards alongside the patient's bed. 

The three ward blocks are arranged as three sides of a rectangle, 
leaving a clear deck space of 80 feet by 35 feet, on which a small 
administrative block will be shortly placed, containing residence 
for the caretaker, and kitchen, scullery, larder, store-rooms, and 
dispensary, with the necessary convenience& It is intended that 
the caretaker only shall live on board, and that the nurses when 
off duty shall be accommodated on board one of the present hnlks, 
which will be fitted np as a dormitory for the purpose. It is also 
proposed to fit up a light crane over the gangway, so that patients 
may, when necessary, be lifted out of the launch on a stretcher. 

The construction of the hospital was commenced in February 
1885, at Messrs. Wood and Skinner's Yard at Bill Quay, and on 
the 2nd of August, 1885, all waa ready for the launch. Six 
launching ways had been laid under alternate pontoons, and the 
launching beams, before mentioned, braced the whole structure 
firmly together. All the buildings were complete in every respect, 
and at five o'clock, on the top of the tide, which was the highest of 
the year, the shores were knocked out and the vessel slid quietly 
and safely into the river, without the slightest shock, and without 
breaking even a pane of glass in the windows. When the 
pontoons were afterwards examined it was found that not a drop 
of water had entered. The success of the operation folly justified 
the confidence of the builders, while it reflected the greatest credit 
on their ability and care, to which indeed the whole structure in 
its excellent workmanship and finish bears ample testimony. 

The hospital was at once taken in tow by two steamers, and, 
under the charge of a pUot, was safely conveyed to her berth four 
miles down the river, and there securely moored by the employes 
of the Biver Tyne Commissioners, within four hours of the launch. 
The berth, which is in Jarrow Slake, had been previously dredged, 
and the moorings laid down under the superintendence of Mr. 
Hedley, the Commissioners' Dredging Master. 

The moorings consist of eight 1^-inch chains, averaging thirty 
&thoms, each attached on the river side to screw piles, and towards 
the slake to beams sunk in the sand. In-board tiiey are attached 
to eight double bollards securely bolted to the deck and its iron 
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franung. Thus moored the float rides quite easily, and though so 
£ur she has only passed through the storms of one winter, yet 
her behayiour then was so satisfiactory as to remoye any anxiety 
for the future. The berth chosen in Jarrow Slake is peculiarly 
suitable, being in the centre of a wide expanse covered by water at 
high tide, and inaccessible at any time except by boat. 

The officials of the Local Govemment Board have expressed 
themselyes yery fistyourably as to the mode adopted in the con- 
struction of the hospital, and haye chosen it as their model for 
similar cases. (See supplement to Local Goyemment Board 
Beport for 1887.) The writer, howeyer, feels, as probably most 
engineers do, after finishing a new work, i^t the experience 
gained has shown him many points capable of improyement. 

The total cost has been as follows : — 

£ 

Pontoon float .. 8060 

Three ward blocks 2110 

Dredging and moorings .. .. 530 

Total 5700, or £190 per bed. 

The members who propose to yisit the Newcastle Exhibition 
this afternoon, will haye an opportunity of examining the model 
of the float and hospital, which is exhibited there by the Tyne Port 
Sanitary Authority. 

DISCUSSION. 

Mr. Spenoeb : I haye great pleasure, Mr. Chairman, in the first 
place, in moying a hearty yote of thanks to you for the yery ex- 
cellent and insiructiye paper which we haye listened to this 
morning. The subject, especially to those connected with the 
authorities of nayigable riyers, is one of the greatest importance ; 
and I think the authorities of the part of the riyer with 
which the hospital is connected, haye been the first to carry 
out and deyelop to so great an extent means for nipping in 
the bud epidemic diseases, or rather, I should say, for arresting 
the germs of disease before they reach the land and surrounding 
district. It is, in a place like this, easier to cope with a disease 
by such means as haye been described, than it is to proyide 
accommodation for stamping out the disease when it haa once 
got a hold upon the surrounding population ; and it is only by 
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providing such very excellent accommodation as yon have described 
to us this morning that anything approaching that object can be 
attained. You say, Sir, that you now see some advan^ges to be 
gained from the experience you have derived from designing and 
carrying out this excellent institution. I hope you will this 
morning give us, briefly, the benefit of that experience, if you con- 
veniently can. If you had not mentioned it, I would scarcely have 
imagined any improvements could have been made, because this 
hospital, in my opinion, is a very suitably designed and excellent one 
for this purpose. The question of floating hospitals for borough 
sanitary authorities is one which has claimed the attention of 
experts and authorities for a considerable number of years ; and 
I myself have been indirectly able to witness the eflforts in this 
particular case since the beginning in 1878. I have, in my own 
experience, unfortunately witnessed a very heavy and very disas- 
trous epidemic in this very port, and from what I saw then, I 
knew that if such an outbreak again occurred it would be impossible, 
with the accommodation existing at that time, to deal with it in the 
manner it ought to be dealt with. But I think from what we see 
and what we have heard to-day, that if such a calamity should 
unhappily occur again, the authorities joined together under the 
name of the Port Sanitary Authority will not be found behind in 
coping with it efliectually. I do not purpose, Sir, to go into the 
details of this hospital. There is no doubt in my mind that it has 
been designed and carried out in such a manner and on such a scale, 
as will cause its usefulness to be not only appreciated but positively 
and practically useful in preventing the spread of disease in this 
port. This is a work which, I believe, is new in conception, and 
as such is, no doubt, capable of being discussed as to details ; and 
when the designer himself, as in the present case, has been the 
first to see some points where improvements may be made, those 
matters should be taken advantage of in future cases. It is only 
these little advantages or improvements in detail, which we hope 
to get from you this morning, that are needed to complete a very 
interesting, useful, and practical paper. I should like to ask if 
it has been thought necessary in designing such a structure to 
make any provision for the disposal of excrement ? Very possibly 
our friend the Chairman may think that this noble river is already 
in such a bad state that it does not matter what is put in it. Yet 
possibly, to make the floating hospital theoretically correct, it may 
have occurred to him to make some provision for the treatment of 
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the lefdse I have just mentioned. I am qnite aware that any little 
drainage that may come from so small a place as this hospital, 
really cannot have any practical effect on a riyer into which the 
sewage of the snrrounding authorities is drained. I simply put 
the question for the purpose of giving the Chairman an oppor- 
tunity of telling us what he has done or what he would do in a 
similar case if it were rendered necessary. I should also like to 
raise the point as to refuse being disinfected. I have great pleasure 
in moving a vote of thanks to the Chairman, and I trust the 
paper will be very well discussed as to practical details as well as 
general usefulness. 

Mr. MoEiE : I have great pleasure in seconding. I am quite 
sure what comes from Mr. Laws' hands will be a success. His 
works speak for him. I only hope those who go up to the Exhi- 
bition will have some talk with Mr. Laws over the model of the 
hospital, and I am sure what he says will be of great value to those 
who listen to him. I should like to know what is the area of 
cubic feet per bed ; and is any separate provision made for each sex 
when they have recovered from a state of prostration ? 

Mr. Petbee : As I am not likely to go to the Exhibition, I might 
point out one, and one only, detrimental point, and that is the 
creosoting of the deck. So far as my experience of creosoting 
timber goes, it is very dangerous and liable to cause fire to spread. 
I had to attend a fire where the flames spread rapidly, owing to the 
timber having been creosoted. The whole of that building was 
burnt down in two houra The fact I have mentioned is the only 
defect which I see in connection with this hospital, and I think it 
would be better to avoid creosoting the timber another time. 

Mr. Bbowk : I should like to know what system you have of 
disinfecting the clothing; whether it is conveyed on shore, or 
whether you have a separate vessel, and what kind of a stove you 
use. 

Mr. MacGbboob : There is just one question I would like to ask. 
It is this : If a fire were to occur on board, what means have you 
to extinguish it ? 

Mr. Laws : If there are no more questions, I will give a short 
answer to those asked me. Commencing with Mr. Brown, who 
asked the question as to the disinfection of the clothes : we have at 
present — at least the Authority has, for I am merely called in for 
this particular work — the Authority haa a complete laundry, 
in which clothes are washed and disinfected. With respect to 
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the creosoting of the timber, no donbt Mr. Petree's obseryation is 

one of Bome point, and it was yery seriously considered by ns at the 

time the deck "was laid down. Nothing is likely to ignite more 

qnickly, or make a worse conflagration, than creosoted timber if the 

air can get at it. The conclusion we came to was that it was only 

possible for fire to get at the upper surfeuse. The chances of its 

getting hold underneath were small. We believed there was no 

danger of a fire getting firm hold before being discoyered, and that 

a fire on the upper side would be no more likely to spread on a 

creosoted surfBice than on an ordinary wooden surfetce. Probably 

you haye frequently noticed that it is quite possible to throw hot 

coals on a timber floor without its taking fire. We thought we 

should get twice the service out of a creosoted floor, as compared 

with an ordinary floor. Mr. Spencer asked that I should give some 

idea of what the improvements suggested by me were. The chief 

matter I referred to was the arrangement for taking out and 

painting and repairing the pontoons. At present, to get them out, 

we must half-fill them with water, partially sink them and 

draw them out. This is perfectly practicable, and a thing of 

almost daily occurrence on the floats of the Liverpool landing stages. 

It occurred to the builders when the float was being buUt, that the 

pontoons should be placed practically loose in what may be called a 

pair of cods, so that they could be parbuckled round in order to 

bring all parts successively to the sur£Ebce. By this means, the 

chief labour in painting the pontoons would be saved altogether. 

The builders beUeved such a thing to be perfectiy possible. I 

am inclined to think that it would be an improvement, and would 

feel disposed to adopt it, if called upon to design another such 

hospital. Another mode which, I think, would probably save a 

good deal of labour in moving the pontoons, is to unmoor 

the float, take it on to the slake when it is dry at low water, and 

paint it between tides. We would have something like three or four 

hours in which to do it, as the slake at low water stands about six 

feet out of water. I think we could paint her in that space of time. 

Whether that is practicable or not we can hardly yet say, but we 

mean to try ii The number of cubic feet of air space allowed per 

bed is between 1500 and 1800. The Local Government Board 

suggested that we should conform to rule, and give 2000 cubic 

feet per bed. We argued the matter out, on the ground that, 

if 2000 cubic feet is sufficient for a town hospital, surely, on a 

place like Jarrow Slake, with a clear sweep of 300 yards of water 
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in all directionsy some difference might be mada And they allowed 
ns to reduce the space slightly. We conld haye got the 2000 cabic 
feet by raising the roof, and so nominally increasing the cubic space ; 
but that does not effectually increase it. I do not believe the 
additional height of the roof gives as efficient space as is got by 
enlarging the floor-space. I have not arranged any special means 
of treating the sewage. In fact, we have gone upon the old principle, 
the object being to get the excrement from the hospital as fast as 
possible. We considered that, seeing the Tyne was practically an 
open sewer, the best plan was to have the refuse dropped at once 
into the river and carried away to the sea. No doubt it is rather 
a blot on the Tyne that it receives the sewage of so many towns ; 
but we have the dictum of a very high authority in these matters — 
Sir Bobert Bawlinson — who many years ago, when the Authorities 
here asked his opinion on the matter, said that, with such a river, 
and such a flow, he did not think they would ever find it necessary 
to adopt any means of purification before delivering the sewage into 
the river. His opinion has carried a good deal of weight in the 
Newcastle Council. The disinfection of reftise is a strong point, 
but, I think, could be got over in this way. We could adopt the 
system of putting into the wash-out basins a certain quantity of 
disinfectants — sulphate of iron — which would, at any rate, disinfect 
the refase to some extent ; that plan has been adopted in one or 
more places. In Nottingham, for instance, when tubs are sent to 
houses in which there is fever, a certain amount of sulphate of iron 
is put into them. Something of that kind would get over the 
greater part of the difficulty. With regard to dealing with fire, we 
have three or four small hand pumps, and I am at present, by the 
desire of the Authority, negotiating with Messrs. Merryweather, of 
London, to provide us with a special pump, so that a fire may be 
dealt with effectually on the first outburst. We have, besides, a 
certain number of hand fire-grenades. As to the separation of tiie 
sexes, there is only one sex to deal with. The patients are all 
sailors, and that relieves the Authority of a considerable amount of 
difficulty. I am not aware that there is any convalescent ward or 
anything of that kind. We have four floats, and we can send 
a patient from one to another. 

Mr. Spencer's motion was then put to the meeting and carried 
unanimously. 

The Ghaibman : I must thank you for the way in which you have 
received my rather imperfect paper. I was obliged to write it in a 
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comparatively short time, in order to bring it before this meeting, 
which, for other purposes, we were obUged to hold. 

During the day a visit was paid to the Exhibition^ where 
among the many objects of interest, the Members were shown a 
model of the Tyne Floating Hospital, the subject of the paper read 
at the meeting. The detail of its construction was explained to 
the members by Mr, Laws, who took occasion to add «uc& fu/rther 
'particulars as were asked for by those who had the opportunity of 
seeing the model. 



Digitized by 



Google 



HY AUT 




W.OoLawrs MICE, 
d &. Skiiiner,-Bill Quav. 



Digitized by 



Google 



1! 

n 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



( 19 ) 



DISTRICT MEETING AT WEST 
BROMWICH. 

September Srd, 1887. 
Held in the Cotmeil CJiamber of the Town Hall, West Bromwich. 

Mr. J. Gordon, President, in the Chair. 

^*- 

REFUSE DESTRUCTORS AND THEIR RESULTS 
UP TO THE PRESENT TIME.* 

By C. JONES, Assoc. Inst. C.E., Ealing. 

It must be taken as an acknowledged fact that there is some 
difficulty in constructing a suitable furnace for burning refuse, and 
there is little doubt that the experience of many years gained by 
'* Fryer's Destructor " has done immense service, if not actually 
made this particular system a success. Turning to the several in- 
ventions brought out, it would appear at first sight that the object 
sought was simple and easily to be attained ; but after trials, some- 
times extending over two or three years, and with different kinds 
of refuse at different towns, they have nearly all been at last 
abandoned. All these trials tend to show that we must move 
with the greatest caution in adopting any particular process. 

It will probably interest the Members of this Association if a 
short description be given of the various inventions that have been 
in use, with a few remarks upon each. 

Furnaces of the ordinary type were used in London districts and 
the northern towns over thirty years ago, but most of these were 
built either by contractors or those who did not consider, in a 
scientific way at any rate, the action of heat, and how to utilise the 
small combustible portion contained in refuse to bum up the 
larger quantity of less combustible material. The shape and 

* This paper was brought before, and partly discussed at, the Annual Meeting 
at Leicester (see vol. xiii.), its further consideration and discussion being ad- 
journed to this, the next District Meeting in the Midland Counties. 

2 
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general oonstraction of the fire-brick arches was wrong, the 
arrangements for feeding were bad, and the fines and passages for 
gases were designed more by gnesswork than calcnlation. It is 
tiierefore no wonder that these proved to be only feeble attempts to 
introduce the principle of fire. It was fonnd necessary to bum 
coal or other fuel in these furnaces in order to dispose of the 
refuse as collected, and they were ultimately used only for burning 
paper, straw, hampers, baskets and other light mat^ials ; several 
are used for that purpose at the present moment One of these 
furnaces was built by the Corporation of Manchester about 1873, 
and many alterations were made from time to time. After three 
or four years' experiments (about the year 1876), Mr. Fryer, of 
Nottingham, appears to have come upon the scene of action and 
arranged with this Corporation for a trial of his furnace, which he 
named ''the Destructor." This trial turned out sufficiently 
successful to induce the authorities to have another erected, and in a 
very short period they had no less than three large destructors built. 

Birmingham Corporation followed next ; then came Leeds and 
Bradford. These destructors have been seen by most of the 
Members of this Association, and called forth a very able paper 
from our lato esteemed friend Mr. Morant (May 27th, 1880). 
About this date Messrs. Pearce and Lupton, of Bradford, invented 
a fomaoe for dealing with town refuse, and the Corporation (of 
which Mr. Pearce was then a member) allowed them 50/. for a six* 
months' trial to prove the mid advantages of their invention. 
These furnaces consisted of fire-brick arches, feeding hoppers and 
regulating dampers, with perforated fire-brick walls at the back of 
each celL The invention claimed many advantages, and especially 
mentioned the perforated wall for dealing with ofiensive gases. 

The trial appears to have been conducted upon fidr linea The 
Sanitary Committee instructed one of its ofikials to remain with 
them and note the quantity of work done, the wear and tear of 
cells, the amount of smoke and smeU given off, and the inventors 
were allowed to engage their own men and work the apparatus in 
any way they thought proper. Although several improvements were 
made and a fiur amount of refuse burnt, they abandoned the trial. 

The next invention came from a Mr. Pickard, who had been 
employed by the Leeds Corporation as foreman at the Destructor 
works; he called his refuse destructor the ''Gourmand," and 
it oonEdsted of a large fire aroh with two sets of famace bars and 
two furnace mouths to one cell Although there was nothing 
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to &yoiir this form of cell, there was certainly one part of his 
invention which is of the highest importance, and that is the fines 
and second fires ; he conducted his gases from the cells down a 
horizontal fine and erected two ordinary fireplaces in this fine with 
the fires crossing it, or the fire-bars at right angles to the fine. 
He had exactly the first part of the principle which has so 
benefited the author, viz. by the action of fire the gases given off 
from the cells are purified; and if he had built his furnace carefully 
and made continuous practical trials, he would probably have 
adopted several other features contained in the ** Fume Cremator," 
and thus have solved that part of the problem in advance. 

Immediately afterwards Healey brought out his refuse fumaoa 
Mr. Healey was engaged as assistant to Mr. Bryan when at 
Blackburn, and the erection of a ** Fryer " was carried out at the 
time. An agreement was made with the makers, and a frimaoe 
called Fryer and Healey's destructor was erected at Bradford. 

The arches and furnaces were like Fryer's, and following in the 
steps of the two previous inventors he attempted to purify the 
gases. The main arch was constructed hollow over the top, and 
the gases made to pass at the back of each cell, down the sides, and 
over the arches, and the high temperature of the arches and flues 
was to have destroyed the offensive gases. This, however, did 
not take place, and although this destructor has been altered and 
experimented upon at great expense, no advantages have hitherto 
been obtained. 

Then followed Thwaites with a boiler and refuse furnace com- 
bined. It consisted of a vertical boiler with a hopper in the centre 
at the usual place for the chimney, and the heat of the boiling 
water and hot gases was said to prepare the refuse for combustion. 

Then came Young, of Glasgow, with his refuse furnace con- 
sisting of an ordinary furnace with closed ashpits. Air is blown 
into this ashpit by a powerful fan, and combustion thus fisicilitated. 
The refuse burnt is composed of paper, straw, and light materials, 
and is readily consumed, whilst the cinders are picked out and 
burnt under an ordinary boiler. The author believes Mr. Hewson, 
of Leeds, made the blowing of air under the ashpits a principal 
part of his inventions taken out last year. 

The next to enter the field was Mr. Wilkinson, of Birmingham ; he 
had considerable experience with two kinds of furnaces, viz. Fryer's 
destructors and Fryer's carboniser, and it was thought his inven- 
tions would contain some advantages over those already used by 
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his Corporation. They consisted of cells with fire-brick arches 
and flat fire-bars, with large donble furnace months and a perforated 
wall at the back of each cell, similar to that invented by Pearce and 
Lnpton. Mr. Wilkinson spoke so highly of their use that the 
Corporation of Blackpool were induced to erect one about two years 
ago. These furnaces have been found to cost a great deal for repairs* 
and will probably be abandoned and replaced by Fryer's this year. 
The follovdng is extracted from reports which are of sound 
practical value: — "Blackpool Council Meeting, May 3rd, 1887. 
Beport of deputation dealt exhaustively with the destructors and 
cremators which had been carefully inspected at Nelson, Burnley, 
Bradford, Leeds, Ealing, Bichmond, and London. The conclusions 
of the committee were as follows : — We suggest to the Council that 
our destructor be increased by the addition of four cells of the pattern 
made by Messrs. Manlove, Alliott and Fryer, such cells being placed 
on the back-to-back principle. We also strongly recommend that a 
* fume cremator ' be fixed in connection with the destructor, and 
that the heat be utilised before passing into the chimney." 

Board of Works, Clapham. — One of our members, Mr. A. 
Southam, surveyor to the Board, has the following in his report of 
March 2nd, 1887 : — " Although deputations from all parts of the 
country have been to see the destructors at Birmingham, I am 
not aware that Mr. Wilkinson's plan has been adopted excepting at 
Blackpool ; it will therefore be necessary to obtain farther informa- 
tion as to the relative merits of Fryer's or Wilkinson's system." 
On April 2nd, Mr. A. Southam reports further in reference to 
Birmingham, and their inspection by a deputation of his committee. 
He says : — ** At one depot Fryer's furnaces are in use, but at the 
principal yard some of the furnaces are designed and constructed by 
Messrs. Piercey, whilst others have been arranged and built under 
the direction of Mr. John Wilkinson : they are stated to be less 
costly than those constructed on Fryer's principle. The committee 
have also visited the destructors erected at Ealing and Whitechapel, 
which are both upon Fryer's principle, that at Ealing having as an 
addition ' Jones's Fume Cremator,' and they are of opinion that 
Fryer's destructor is superior to the Birmingham destructor." 

The next inventor was Burton, who constructed a long single 
furnace with two fires, and the refuse was dragged through by a 
long endless chain, which was moved at intervals by a windlass as the 
refuse became consumed. It is evident that no great heat could 
be generated, or the chain would be burnt and the process stopped. 
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Then followed Stafford and Pearson, of Bnmleyy with the ** Bee- 
hive/' which is so fiamiUar to onr Members that it is unnecessary to 
describe its oonstmction. 

In the yalnable digest prepared by Mr. Clayey, of Bnrton-npon- 
Trent, for his Board in 1886, under the head of Bnmley, where the 
Beehivewasboniyin answer to the query as to whether the destruc- 
tor giyes satisfifcction, the reply is, " It gives every satisfaction ; " 
but on turning to Leicester, where it was in the hands of one of our 
most experienced officers, the reply to the same question is as 
follows, '' the Beehive did not give satisfaction and had been 
demolished." 

At Bradford, '' the Beehive was abandoned within three months of 
its erection, on account of the excessive cost of working it." 

Details are given in a tabulated statement supplied by Mr. 
Gordon as to the experiments carried out at Leicester with the 
Beehive, which " did not give satisfaction.** Turning to Bichmond, 
in answer to similar questions, the reply is, *' They had two Bee- 
hive destructors, which did not give satis&ction, and were closed 
on account of several law actions" The author took the trouble to 
visit the Beehive destructor at Burnley, thinking that he might 
be induced to have one at Ealing, and the answers given above 
justified the opinion he then formed. Subsequently to the opening 
of the Beehive at Bichmond, the advice of the author and of Dr. 
Tidy was sought by the Yestry in connection with the before- 
mentioned law action. It was found that the best remedy was to 
dose them as stated above. 

The manufacturer of the Beehive subsequently introduced the 
" Nelson." The author has no personal knowledge of this apparatus, 
but one was erected in the town of Nelson as a private speculation, 
and like the others referred to appears to have found no great &vour. 

When the author took out the patent for his fame cremator, 
and just before it was sealed, he, very much to his surprise 
and annoyance, received notice of objection from the patentees of 
the *' Nelson." However, it was a matter to be attended to, and 
after carefully going into the question, and consulting Mr. Aston, 
Q.C., one of the most eminent authorities upon Patent Law, the 
conclusion was arrived at that they had no ground of inter* 
ference ; but to ascertain without a doubt the position he occupied, 
he requested a &iend well acquainted with the whole details to 
take tixe trouble to call at Nelson and view the destructor and 
ascertain in what way he had interfered with them by the 



Digitized by 



Google 



24 BEFUBE DBSTBU0T0B8 

constrnction of the cremator, when much to his sttrprise he 
received an intimation from him that ''alterations were being 
made in connection with the Nelson apparatus which wonld make 
it very much like the cremator," so npon the strength of their 
proposed alterations they had served notice of breach of patent* 
Ultimately, however, they withdrew their opposition, and nothing 
further has been heard fix>m them. The following is an extract 
from a letter, of a few weeks since, from Mr. De Gourcy Meade, 
refeiring to various destructors he had visited, and amongst 
others tiie Nelson. He says : — '' In the latter, viz. the Nelscm, 
case the apparatus was not at work, although I had previous to 
my visit been informed that it would be at work on Thursday, 
Friday, and Saturday. I called on the middle day, viz. Friday, 
and was afiforded every information upon the subject. So £gu: as 
I could judge, this apparatus is merely an experiment, and is 
used for burning slaughter-house oSbL The dust of the town is 
shot on a field in the suburbs." 

The Blackpool people say they carefully inspected it (the 
Nelson), but tiiey do not recommend its adoption. The Hudders- 
field authorities also found it was only doing 4 tons.per day, and 
suggested that it was still in the experimenfad stage, and from the 
figures given it costs 2$. 6d. per ton to destroy refuse, which is 
considerably more expensive than many refuse destructors already 
abandoned, and we must wait a considerable 4dme before we are 
able to judge of the wear and tear. 

Another apparatus was invented by Hardie, of Burnley, and 
consists of the old saddle boiler with an inclined furnace under- 
neath, and he proposed to do away with chimneys by adopting the 
air-blowing principle, somewhat like Young and Co., Glasgow. 

Mr. Jacobs, borough engineer of Salford, designed a furnace for 
burning sewage sludge, also town refuse ; but &om what can be 
gathered, the Corporation, after investigation, decided to erect a 
*' Fryer " in preference. Its construction was upon the limekiln 
model, and is illustrated in a late volume of the * Proceedings of 
the Institution of Civil Engineers.' 

Next on the list is Odgen, of Burnley, with a refuse furnace 
constructed with two fires and a boiler over the top : he claims 
several advantages over all others ; first, the burning of ofiensive 
gases by passing them through a coke fire, and also the carbon- 
ising of refuse and retaining its fertilising properties. 
Finally, we have OrsfiEdl, of Leeds, with an ordinary furnace 
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with closed ashpit and the combustion maintained by a com- 
bination of steam and air being blown in under the fire-bars. 
This principle was tried in Manchester in 1876, and has been in 
use at Bochdale since 1881, under boiler furnaces that are burning 
screened refuse. There have been numerous other refuse 
furnaces invented, but as they have not been placed before the 
public, there is no need to name them. 

Haying detailed, so fietf as has been ascertained, the various 
destructors brought before the public, it is found that at the present 
time there are probably not more than about thirty of every 
description in use in England, varying in size from two to twelve 
cells, and the various models actually in use, so jGEir as can be 
gathered, consist of Fryer's, Healey's, the Beehive, the Nelson, 
and the one at Birmingham known as the '' Wilkinson/' Conse- 
quently the subject appears at first sight to be one of great 
simplicity, but a few minutes' consideration will convince every 
one present who has had to deal with the difficulties that gather 
around this matter, that it is no easy thing to reduce into ordinary 
space the many questions that of necessity arise. Those who are 
engaged in the larger towns of England, such as Manchester, 
Birmingham, Leeds, and London, are fully alive to the immense 
difficulties which have to be coped with in settling what may be 
called the dustbin nuisance. Whilst our towns and the suburban 
parts of our districts were content, and shoots were without 
difficulty provided, and sanitary science had not yet distended its 
nostrils to gather up every whiff borne upon every wind that tells 
its tale of what ought not to be, and thousands of tons of refuse 
garbage were transported from our neighbourhood and dealt with 
as circumstances might dictate or necessity require, in somebody 
else's neighbourhood, it was well ; but that time has passed away, 
and the absolute necessity of deaUng with this growing difficulty 
has come home in a very painful manner to most of our local authori- 
ties, whether they be constituted under the powers of the PubUc 
Health Act, or the Metropolis Management Act of London. 

It is during the last ten or fifteen years these difficulties have 
principally cropped up, and upon referring to data supplied by 
Mr. W. Santo Crimp, in which he includes some twenty-five towns 
(omitting Manchester and Birmingham, which were of still earlier 
date), we find amongst the early destructors erected was the one 
built in Leeds in 1877. The next in date is Leeds, in 1879, 
also Heckmondwike and Warrington m the same year. Then 
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follow Blackburn, Bradford, and Bury in 1881 ; Bolton, Hull, 
Nottingham, and Salford in 1882 ; Ealing, 1883 ; London, 1884 ; 
Newcastle, Preston, and Whitechapel in 1886 ; and Boumemonth, 
Batley, Longton, and Battersea, with other towns, are now erecting 
or upon the pomt of erecting destructors. The details from some 
of these towns are herewith appended. 

It was at one of the meetings of the Association at Leeds, under 
the presidency of the late Mr. Morant, that the author first saw 
Fryer's destructor, and the difficulty experienced at Ealing, not 
only with the house refuse but with the sewage sludge, led him 
to look for a remedy in the apparatus there seen at work. With 
the consideration which the Ealing Local Board has always shown, 
consent was at once given, and a 2-cell destructor was built. The 
author then endeavoured to settle the sludge question, and can only 
repeat what has been said again and again, that he found it absolutely 
certain in its work, and saw that he had secured a most valuable 
appliance, and should without difficulty rid himself of a most 
unendurable nuisance and continual expense. It was soon found 
that a 2-cell destructor was not sufficient for the purpose, and 
consequently the next season two more cells were erected, and at 
the present moment the destructor at Ealing is dealing with the 
sewage sludge of a population of 19,000 and the house refuse of 
22,000. The adoption of this mode of dealing with sewage sludge 
has produced a great deal of discussion and not a little difference 
of opinion. This latter remark refers more particularly to the 
Metropolitan Board of Works, who, having heard something of 
what we were doing, tried some experiments for themselves, and 
attempting to bum Iheir sludge in a Hoffman kiln, signally failed. 
Mr. Dibden states that it was the cause of offensive effluvia and 
could not be carried out without a nuisance; and the author 
cannot help expressing surprise that the Metropohtan Board 
of Works, with all their resources of wealth and engineering skill, 
should not have carried out their experiments in a more practical 
manner and with the best appliances that could be had. The dealing 
with the Metropolitan sewage was a question of multiplication of 
power, and the author is still of opinion that the gigantic sludge 
barges now being bmlt will have to give way to a more scientific 
mode of dealing with the difficulty than that of carrying the sludge 
out to sea and there precipitating it for the benefit of the finny 
denizens of the deep or the unfortunate passenger vessels which 
may be passing through this conglomeration of London filth. 
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Mr. Dibden, in his paper on ** Disposal of Sewage Sludge/' lately 
read before the Institution of Civil Engineers, says : — '' Before the 
pressed sludge can be burnt, the water must be driven off by heat. 
This involves a quantity of heat greater than that obtained from 
the combustion of a weight of material equal to that to be dried. 
In other words, expense for fuel is incurred plus the cost of 
pressing. When the dustbin refuse of a town is available, doubtless 
the object can be attained by the use of ' destructors.' The case 
of the Metropolitan sewage is, however, different, as no excess 
fuel is obtainable without considerable expense." 

Further, Mr. Dibden goes on to say : — " He heard for the first 
time of Mr. Jones's invitations to Ealing. The facts of the case 
were simple. If the cost of pressing was prohibitory, as it appeared 
to be in the Metropolis, what was the use of considering the 
question of burning it ? Mr. Jones did not contend that he could 
bum the unpressed sludge, but only the pressed. Therefore if it 
were decided to carry the sludge to sea, what good would be done 
by considering a point which could only be arrived at by first 
doing something which was not intended to be done ? The cost 
of pressing the sludge of the Metropolitan sewage was far greater 
than in many other cases, in consequence of the additional quantity 
of lime required to be added to it, namely from 2 to 4 per cent., or from 
20,OO0Z. to 40,00OZ. per annum— a sum which would in itself go a 
long way in paying for the transit of the unpressed sludge to sea. 
No one doubted that small quantities of cake could be burnt without 
nuisance. It was a question of advisability, and not so much of 
practicability. By burning, the whole of the value of the sludge, 
whatever it might be, tvas absolutely lost ; but when it was taken out 
to sea it served to manure our fishfields instead of our cornfields." 

In the course of the same discussion, our esteemed President, Mr. 
Grordon, stated as follows :— 

" Where land was available, it seemed to him that the Birmingham 
system of digging the sludge into the land was an exceedingly good 
one. He could not believe that the Ealing system of mixing the 
sludge with ashes and town refuse, with the object of partly drying it 
and then burning it in a destructor, was practicable on a large scale, 
although he thought great credit was due to Mr. Jones for first 
starting the idea and putting it into practical shapa For large 
centres of population, pressing the sludge, and then cremating it in 
this way, might be the best method of getting rid of it in all respects 
save one, namely, that of cost. For London, however, he could not 
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but think the Metropolitan Board was in the right in attempting to 
deal with the sewage in a manner which seemed to be within the 
range of practicability, and in combination with the precipitating 
system to inaugurate the transport of wet sludge direct to sea, 
inasmuch as the difficulty of deeding with it in any other way by 
finding suitable land, or pressing it into a smaller bulk, to facilitate 
its trsmsport, sale, or otherwise, would still be very great, and 
attended with greater expense than taking it to sea. 

''He was nevertheless of opinion tW, with carefully con- 
structed furnaces and a strong draught, almost any sludge could be 
effectually destroyed, if a small quantity of the cheapest coal, or 
turf, or even cinders or ashpit refuse were used. He had little con- 
fidence in mechanical pressure being ever found reasonably econo- 
mical in dealing with the enormous bulk of sludge produced in the 
Metropolis and the larger proyincial towns." 

And at the same meeting, Mr. Bennett, of Southampton, stated as 
follows : — 

" Up to the present time he had been able to dispose of every 
ton, so that the works were now paying their way without making 
the slightest increase in the rates. The products of combustion 
passing through the boiler raised the steam for compressing the air. 
Mr. Dibden had farther stated that the scheme necessitated the 
control of the dustbin refase and road-sweepings by the sewage 
authority. In the case of Southampton that was a fsust, and he 
thought he could show that it was a very advantageous combination 
of the two systems of disposal. He thought also that it would be 
a great improvement if the Metropolitan Board of Works would 
take the sole control of the ashbin contents and road-sweepings, and 
put an end to the system of divided responsibility that now appeared 
to be adopted in London ; and also, instead of following the present 
method of destructors, in each district or parish, erect two large 
destructors, one destructor on each side of the Thames, conveying 
all the ashbin contents and road-sweepings to the outfall works, 
and so utilising them for obtaining some portion of the steam 
power for treating the sludge. Mr. Dibden had stated that one 
reason against treating the sewage in any other way than throwing 
it into the sea, was the great expense occasioned in pressing it. 
Mr. Bennett thought that the ashbin contents could be so burnt 
that power would be obtained for treating the sludge by pressing it." 

The author's general reply in connection with these several 
extracts, applying as they do in a most important manner to the 
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nsee to which the destrnctor is capable of being applied, is Bhortly as 
follows. The author did not in his remarks at the Institution refer 
in the slightest degree to pressed sludge. Nor can he understand 
in reviewing his statement how Mr. Dibden could so have miscon- 
strued them. During the years the author has been burning sludge 
at Ealing he has never used a press, nor has he used any other fuel 
in the destructor than that supplied by the house refuse. A very 
few days after the sludge has been pumped on to the ash beds, all 
the dredning and drying necessary has taken place, and the material 
bums readily. And in further corroboration the author will read an 
extract from Dr. Tidy's Lecture at the Society of Arts, April 14th, 
1886 :— 

" To my mind, the destructor has reached its highest state of 
perfection at Ealing, &om the great thought that Mr. Jones, the 
surveyor of Ealing, has given to it His sludge there is mixed 
with house refuse, and burnt Mr. Jones's view is that every town 
froduee» sufficient house refuse to hum the slvdge. One has to 
notice the differences of destructors. I have seen a good many 
myself, and I should say the differences are mainly two ; first, a 
o^iain escape of offensive vapours from the shaft, and I think those 
offensive vapours are mainly due to partial burning — the destructive 
distillation, as a matter of fact, of the materials, instead of their 
complete destruction ; secondly, the escape of fine sand and such 
like from the shaft at certain stages of the operation. I have seen 
those two nuisances very well marked, and I had occasion to advise 
on them on more than one occasion. I cannot help thinking myself 
that in Jones's destructor, where he places a muffle furnace or 
* fiime destroyer,' as he calls it, between the furnace and the main 
shaft, he has, in a great measure, met those two difficulties." 

The author would now call attention to one of the most valuable 
papers which has appeared in the scientific world upon this ques- 
tion, viz. the report made by the well-known scientist Dr. William 
Odling, at the request of the Bradford authority, who had both 
Fryer's and Healey's destructor at work. Those who have gone 
into this question closely, know that one of the difficulties to be 
contended with is one springing from the sensitiveness which is 
felt by the authorities of almost every town when the question of 
smell is introduced; although no one can for a moment expect 
that they can go into sewage works or the dustyard of any large 
town and find it smelling as sweet as lavender. There does seem 
to be a very strong feeling that it is an impossibility to put up a 
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destrnctor without creating an intolerable stink, and there has 
been admittedly some slight ground for the statement Those 
of you who were in the committee room of the House of Commons 
upon the Kensington Yestry Bill will remember the awful and 
heartrending accounts given by some of the opponents of the scheme 
as they detailed the horrors that would arise in the erection of a 
destructor. This apparently happened at Bradford, and so the 
eminent doctor was called in to decide the question. The following 
is his report in extenso^ with the author's reply. 

The Bbadfobd Befxtse DssTBuoiOBa 
Extracted from « The Sanitary World; Oct. 3, 1886. 

" Dr. William Odling, of Oxford University, having been asked 
by the Sanitary Committee of the Bradford Corporation to make 
a personal examination of the refuse destructors in various parts of 
Bradford, with a view to advising them how to deal with the 
noxious vapours which arise from the burning refase, has made the 
following report, addressed to Alderman Hardaker, chairman of the 
Sanitary Committee : — 

*' Speaking generally, the process consists in setting fire to the 
refdse as collected, and allowing it to bum itself out. This burn- 
ing is conducted in long, nearly horizontal, furnaces, called 
destructors ; the refase, just as it is delivered by the carts, being 
introduced at the slightly higher end or back of the furnace, and 
the ash or clinkers being raked out at the front and sUghtly lower 
end, where the fire-bars are situated. It is noticeable that the 
burning of the refuse is carried on without resort to any fuel other 
than the combustible matter present in the refase itself; and that 
despite the frequently wet stote of the refuse, its burning in the 
destructors takes place steadily and completely. The burning of 
the refuse constitutes further an available source of heat, actually 
made use of at one of the stations to raise steam for the supply of 
an engine used for crushing and grinding the clinkers of the 
refase into a valuable mortar. It is impossible for any one not to 
be struck with the very efficient way in which the destructors do 
their work, having regard to the quantity and character of the 
refase they so completely dispose of in the course of but a few 
hours. This continuous and rapid destruction of the town refuse 
as &st as collected, with avoidance of all decomposing and ofiensive 
accumulations, cannot but be of great sanitary advantage to the 
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town. It mitst be admitted, however, that the burning process as 
at present conducted is not wholly unattended with a discharge 
from the chimney-shaft of a little nnconsmned yaponr, which, 
under some conditions, may be recognised at a distance as offensive ; 
but this offence, at the worst, is as nothing compared with the 
offence and injury to health which are so successfully obviated by 
the rapid destruction, daily effected, of tons upon tons of objection- 
able matter which must, in some way or other, be dealt with in the 
borough, as its deposit elsewhere would not now be permitted. 

" The gases and vapours, &c., discharged from the chimney-shaft 
are constituted, in the main, of the completely burnt-out products 
of the combustion of the refuse, and would, if they were entirely 
so constituted, be entirely devoid of any possible offence. But, 
together with the great bulk of completely burned and absolutely 
inoffensive products, there is a small amount of unbumt and partly 
burnt vapours, which, by their varying proportion and character, 
suffice at times to impart to the chimney products generally an 
objectionable smell, recognisable at some distance away. Having 
regard, however, to the nature of the refuse burnt, it is remarkable 
how complete the burning habitually is, and how small is the pro- 
portion of incompletely burnt products emitted. The more or less 
objectionable products emitted in such small proportion are mainly 
of two kinds, and are furnished in two principal ways. Thus the 
fresh refuse, being introduced at the back and comparatively cool 
part of the furnace, is gradually raked down to the front and 
hottest part, over the fire-bars, where the burning is most active. 
In its course downwards to the front of the furnace it gets gradually 
dried by the heated products from the fire below it; and the 
vapours which it gives off in being thus dried escape for the most 
part unconsumed into the flues. The vapours so given off in the 
drying of the fresh refuse constitute one possible source of offence, 
though I do not consider them the principal source.* They are 
composed chiefly of watery vapour or steam, and what littie of 
them is not steam would be all but entirely lost in the large volume 
of completely burnt products passing up the ehimney-shafb. But, 
in addition to the vapours given off in the mere drying, to which I 
attach only a minor importance, there are the vapours given off by 
the refase as it just begins to bum, and before it gets into the 
condition of active burning, and is raked towards the front of tiie 
furnace. Every one knows the bad smell given by a piece of bone, 
for instance, burning by chance in an open fire. Strictiy speaking 
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this smell is not dne to the actual burning of the bone, bnt to its 
state of incipient burning, or destructive distillation or frizzling by 
heat. Similarly the town refuse, in its state of incipient burning 
or firizzling, gives off what are called empyreumatic vapours, which 
in the fomaces as at present constructed pass at once into the 
flues, together with a mass of inoffensive products afforded by 
the active burning. It is, I consider, to the escape of these 
empyreumatic vapours furnished by the incipient burning of the 
refuse, &x more than to the vapours given off by its mere drying, 
that any complaint of bad smells proceeding from the chimney- 
shaft is due. 

*' How to deal satisfactorily with these empyreumatic vapours, as 
also in the way of precaution, and for other reasons as well, with 
the vapours given off in the mere drying of the refuse, is not an 
easy matter. They are the more difficult to deal with from the 
circumstance that, though sufficient at times to cause offence, their 
actual quantity in proportion to the entire volume of gaseous and 
vaporous products passing up the shaft is very small. One way 
of dealing with these vapours would be to take means for their 
efficient condensation ; but except as a last resource or in aid of 
other means, I do not recommend a resort to this method. 
Conducted in any way it would involve expense in plant and 
wages, while if conducted with a view to obtain marketable 
products it would involve a mode of burning the refuse differing 
widely from the simple, and, on the whole, efficacious method now 
employed) and more resembling the process sometimes employed 
for the distillation of shale ; while the entire operation would be 
likely to constitute anything but a profitable manufacture. 
Another mode of proceeding would be to take means for preventing 
the formation or for ensuring the rapid destruction of these vapours 
within the furnace itself. Encouragement is afforded for a resort 
to this method by the circumstance that at the present time no 
attempt of anything like a practical character is made to prevent 
the vapours escaping unconsumed into the atmosphere, and also by 
the circumstance that the vapours are in their nature essentially 
combustible, and capable of being completely destroyed by fire. 
Moreover, the now dispersed heat afforded by the burning of the 
refose, which might be made available to effect its own more 
complete burning, is shown, by its partial use for raising steam, to 
be in considerable excess. It is further noted that the mode of 
feeding the destructor furnaces with refuse is the direct opposite of 
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that by which sunilar long famaoes are nsnally fed with fnel, and 
that the course of the bnming is as nnUke as possible the course of 
burning in furnaces best adapted to consuine or prevent the pro- 
duction of smoka Thus in smoke-oonsuming furnaces the fresh 
fuel is introduced at the front over the fire-bars, and is separated 
from the main flues by a length of fully-ignited fuel, over which the 
flame, smoke and vapour from the f^h fuel, in admixture with 
sufficient air introduced in various ways, has to pass on its way to 
the flues. But in the destructor frimaces all this is reversed, and 
the vapours given off in drying and frizzling of the fresh refuse pass 
almost directly into the main flues. 

" If icovM not seem advisable^ however, to alter the general die- 
poeition of the present furnaces, which are so efficient for their 
main purpose ; but while still preserving the plan of introducing 
the refuse at one end of the furnace and raking out the clinkers at 
the other, it would, I consider, be quite practicable by some modi- 
fication in detail to comply with the essential conditions fulfilled 
in the beet smoke-consuming furnaces. Having regard, indeed, to 
the nature of the refuse, and to the diluted condition of the empy- 
reumatio vapours to be combated, the problem would not be an easy 
one. Still it would seem that the fulfilment of the necessary con- 
ditions might be effected by one or other of several slightly different 
arrangements, which I have carefully considered ; and if you should 
see fit to put me ia communication with some practical furnace 
constructor — one or other of those by whom your present furnaces 
have been constructed, for example — we should, I have no doubt, 
be able to devise a specific construction which would be both 
practical and efficacious. The chief points of what I take to be 
requisite or desirable are as foUows : — 

'^1. The frimaces should be of the same general form and 
dimensions as those at present in use. They should not, however, 
be built in double blocks back to back, but in single blocks, so as 
to be readily accessible both at back and front. 

'* 2. The drying up of the fresh refuse in the furnaces, before its 
actually taking fire, should be better provided for, and the moist 
vapour given off by the drying, instead of bemg allowed to escape 
at once into the main fine, should be caused to pass over and 
through the mass of actively burning refuse. This would effect 
several desirable objects. The incipient burning of the refuse 
would, in the first place, be less and less objectionable in proportion 
to the dryness of this refuse. Secondly, any possible offence from 
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the discharge of the Taponis given off in the mere drying wonld be 
provided for. Lastly, the passage of the watery vaponr or steam 
given off in the drying, through the actively burning portion of 
the refuse, would tend to make this portion bum with flame, a 
very desirable result as an aid to the destruction of the empy- 
reumatic vapours given off in the stage of incipient burning. At 
present the foreman in charge occasionally deUvers, with some such 
view, a jet of water on to the actively burning refuse, but the con- 
tinuous passage through this burning refuse of the watery vapour 
given off in the drying of the fresh refuse would be fiur more 
efiScadous. 

** 3. The opening into the flues leading from the furnace to the 
main flue should be so situated and arranged that the smoke and 
vapour given off by the incipient burning, together with a sufficient 
supply of air, should be caused, on its way into the flues, to pass 
over tiie most actively burning portion of the refuse, and thereby 
get almost, if not quite, completdy consumed. 

'' 4. The flues into which the products alike of the drying, the 
incipient burning, and the active burning first pass from the 
furnace on their way to the main flue should be of some length, but 
of no greater size than necessary, and be constructed with a view 
to their being maintained at as high a degree of heat as practicable. 
It is to these strongly heated flues that the complete destruction of 
any residue of unconsumed empyreumatic vapour must be entrusted. 
No amount of mere heating, however, will of itself cause their 
destruction. They must be sufficient strongly heated in admix- 
ture with a sufficiency of air in order to effect their burning or de- 
struction. The flues serving for this purpose might also be made 
available to aid in some measure the drying up of the fresh refuse 
passing into the furnace.'' 



'^Befusb Destbuotobs. 

« To the Editor of * The Sanitary World: 

" Snt, — ^In your edition of the 8rd inst., there appears a very ex- 
haustive report by Dr. "William Odling, of Oxford University, upon 
the * Bradford Sefuse Destructors,' dealing with the general 
purpose of the * Destructor ' and its importtmce from a sanitary 
point of view, and treating specially upon the one weak point, viz., 
the escape of the ' empyreumatic vapours furnished by the incipient 
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baming of the refdse/ and whilst pointing ont the importance of 
some mode being devised by which these yaponis may be oonsnmed, 
goes on to state that * at the present time no attempt of anything 
like a practical character is made to prevent the vaponrs escaping 
nnoonsomed into the atmosphere, and also by the circnmstance 
that the yaponrs are in their nature essentially combustible and 
capable of being completely destroyed by fire.' 

''My object in addressing yon is to point out that although 
Dr. Odling is most thoronghly correct in the greater portion of his 
remarks, and has treated the question in a most complete and 
perfect manner, in the first portion of the above quotation he is 
most decidedly, though unintentionally, wrong. In the year 1883 
I constructed at Ealing a 2-cell Fryer's destructor, the first erected 
in the south of England ; my object being to deal not only with 
the house refuse, but also with the sewage sludge from our precipi- 
tation works. For twelve months these two cells were worked 
without inconvenience ; but I found that they were not sufficient 
for my purpose, although most successful in other respects, conse* 
quently two additional cells were added in the autumn of 1884. 
The consequence was that the house refuse and the sludge diffi- 
culty, so far as Ealing was concerned, came to an end. I could 
not, however, get away from the fact, as noted by Dr. Odling, that 
a certain amount of vapour was given off by the fresh fuel and 
passed into the flue without coming in contact with the fire. Daily 
watching the work with the four cells under heavy burning I came 
to the same conclusion as Dr. Odling has with respect to the 
Bradford destructor, that, complete as the apparatus is in itself, it 
requires something more to prevent the possibility of its becoming 
a nuisance, and that the only possible remedy was fire, the difficulty 
being the best mode of application. I decided not to interfere with 
the furnace, but to apply the remedy quite distinct, and after many 
experiments constructed a ' muffle ' f^ace, intermediate between 
the furnaces and the main shaft. Nothing could have been more 
successful. Everything coming from the cells, burnt or unbumt, 
has to pass through the intermediate furnace with the result pre- 
dicted by the learned professor, absolute combustion. From a 
pecuniary point of view the results are gratifying, for whereas the 
said furnace is kept going at a cost not exceeding Is. 6d. per day, 
the increased combustion gives additional steam for engine purposes, 
and by its increased draught assists very materially the combustion 
in the cells themselve& I may add that the Ealing Works have 

j> 2 
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been visited by depntations from all parts of the conntry as well as 
from Tarions parts of the Continent, and a general satisfaction is 
expressed with the results obtained* A patent has been taken out 
for the invention. 

"lam, 

*' Yonr obedient servant, 

** Ghabues Jones, A.I.C.E., 

" Hon, Secy, and Pott PreMent of the Aetociation of Municipal 
and Sanitary Engineers and Surveyors, 
** Local Boabd Otbicb, Eaunq, W. 
12^^ October, 1885." 

Shortly after this the author wrote to the Chairman of the 
Sanitary Committee to which this report was made, calling attention 
to the fact that a mode did exist for dealing with the difficulty 
referred to by the Doctor. 

In thns laying the report of Dr. Odling before the meeting, it 
is considered that more valnable information is given than the 
author can bring to bear upon the subject, and it certainly was in 
consequence of the Doctor's remarks that the author wrote to the 
Bradford authorities ; he has since been farther informed that when 
the Doctor*s report was made, instead of trying to follow out his 
admirable suggestions, an attempt was made to try and carry out 
some improvements, but with littie or no success. Mr. Healey 
formed drying chambers over the cells, and passed the heated gases 
from the newly charged cell over the hot fire of the adjoining one 
previous to passing them into the main flue ; but owing to the small 
dimensions and the tortuous course of the small flues for conveying 
the gases from one compartment to another, the draught proved 
utterly insufficient, and it was evident that it was not a satisfieu^tory 
experiment, as Mr. Healey, instead of erecting a new famace, 
endeavoured to alter and adapt his own destructor which was 
unsuitable for the purposa Nothing further has been done 
during the past twdve months in the direction pointed out by 
Dr. OdHng. 

It will be noticed that, from the first invention to the last, there 
have been attempts made to deal with the difficulties arising from 
the gases given off from burning refuse ; and besides those named 
with the inventions specified, there have been many schemes tried 
both by the authorities who have them in use and the inventors. 
Fryer patented a method of water spray a few years ago; the 
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water was distribnted in a kind of shower by a reyolving shaft in 
the centre of a chamber to which the gases were conducted like 
an ordinary shower-bath. Another inyention was introduced by 
an engineer in Salford who conveyed the gases over a long water 
channel and baffled them with reyolying discs or wheels. This 
inyention claimed not only to deodorise the gases, but would 
precipitate and retain the ammonia in the water or other fluid. 
Mr. Hewson at one time strongly recommended this invention. 
All these experiments and inventions point to one end, and all of 
them were more or less puffed up, and several corporations were 
unforttmate enough to give them a trial, probably led on by the 
sanguine statements of the makers ; but we have the evidence and 
experience of our fellow-engineers who have worked them, which 
is of the greatest value to the members of this Association, 
and at once gives a clear and honest account of their capacity after 
they have left the hand of the inventor or manu&cturer. In 
placing these facts before the meeting, the author has endeavoured 
to give them in a &ii and practical manner, and with a desire to 
call attention to those inventors who have conceived the idea of 
passing gases through and into separate furnaces. It will, how- 
ever, be seen that most of them simply suggested an ordinary coke 
Aimace, and the author's first experiments were conducted with a 
fire of this kind ; and although considerable power was found in 
such a furnace, there were many details which required further 
development before practical success was attained. 

An ordinary furnace was found to consume an enormous 
quantity of coke, and at once raised the cost of treatment to more 
than double, and the heat generated passed away into the chimney 
without utilising all its power to consume the offensive yet 
burnable gases. Therefore it w&s necessary to consider how an 
arrangement could be contrived which would reduce the con- 
sumption of coke and would effectually destroy offensive gases, or, 
in other words, a muffle furnace was wanted which could be 
retained at a very high temperature ready to receive the vapours 
and gases at any time, and keep them inside it sufficiently long 
to thoroughly deodorise them; and all this had to be effectually 
done with a small consumption of fuel and with no extra cost for 
labour, and with no great increase of wear and tear. 

In the experiments the author found gases very similar to wind, 
and by baffles they were conducted in any direction ; and it was 
proved that if they could be baffled and defiected without injuring 
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the speed or draught, they might be kept sufficiently long in the 
furnace to consume and deodorise their offensive properties. It was 
also found that by the regulated admission of oxygen the fire 
could be maintained at one glowing temperature with a small 
consumption of coke and eyen breeze, and that it required yery 
little attention. It must be left to others to say whether the author 
has succeeded in those yery important points referred to by the 
following independent and disinterested authorities. 

In eyidence before a Select Committee of the House of Commons, 
Mr. T. Codrington, one of the Inspectors of the Local Goyem- 
xnent Board, said: — '^He noticed improyements in many ways, 
and thought Fryer's with all the latest improyements was one suitable 
for doing its work, and considered the ^ Fume Cremator ' a yery great 
safeguard against nuisance or annoyance, as it much increased the 
heat, and enabled a more thorough destruction of noxious gases 
and half-burnt paper and other things which escape." 

Dr. Thos. Steyenson (Lecturer on Chemistry at Guy's Hospital, 
and Member of the Boyal Commission on MetropoUtan Sewage 
Discharge) said : — ^* If a Fryer's destructor with fume cremator was 
erected, it would not be possible to affect the health of the sur- 
rounding population, or cause the sUghtest nuisance of any kind 
or description." 

' Dr. Alfred Hill, President of the Society of Medical Officers of 
Health, spoke highly of the fume cremator. 

Mr. B. Chamberlion, M.P., member of the Select Committee, said : 
— " You haye taken great credit for adopting this particular plan, 
but the main feature of this plan, along with many others, is that 
you haye a fume cremator with these baffies in, you superheat 
your products. I think the superheating is important." 

Mr. J. T. Paditch, Surveyor to the Battersea Board, reported on 
March 15th, 1886, that in neighbourhoods where the destructors 
have been fixed, complaints have been frequently made by persons 
residing near thereto, of the nuisance caused by tixe fumes and dust 
given off by the shaft, owing to the quick blast from the furnaces 
during the period of burning, and which has often been a source of 
trouble to the authorities in the past Improyements have, however, 
been recently made whereby the smoke and other impurities given 
off from the furnace, and which under the old system were allowed 
to pass direct into the shaft and so into the open air, are now 
intercepted and passed through a fume cremator and consumed, 
thereby effectually destroying the nuisance complained of, and 
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enabling the works to be carried on without inconvenienoe or 
annoyance to the inhabitants.'' 

Dr. A. Newshohoae, Medical Officer of Health for Glapham, 
reported April 6th, 1887, as follows :— 

'^ The possibility of the escape of dust or soot or noxious gases 
seems to be entirely ensured at Ealing. Here not only honse 
refiise but sewage sludge is burnt in the destructor, and yet there 
is absolutely no nuisance. The smoke escaping from the lofty 
chimney is white and thin, being much less dense than that 
escaping from the chimney of a private dwelling-house. This is 
owing to the fact that the smoke and empyreumatic fumes, on 
leaving the destructor, are passed through a fome cremator in 
which they are subjected to a temperature of ISOO"" F. The 
escape of noxious fumes is thus rendered impossible. 

** The general conclusions I arriye at are that the disposal of 
house refuse by cremation is the beet method for Glapham ; that 
Fryer's destructor combined with Jones's fume cremator is the most 
efficient apparatus for the purpose." 

Mr. Alfred Fletcher, Chief Inspector under the Alkali Acts, and 
Mr. John T. Harrison, Inspector under the Local Government 
Board, Mr. Alfred Fryer, inventor of the destructor, and 
numerous others, have spoken highly of the fume cremator ; and 
the author can only follow their remarks by inviting the members 
of this Association to come at any time and judge of its merits 
themselvea 

FinaUy, the results have entirely, so £ur as the destruction of the 
gases is concerned, carried out the view taken by Dr. Odling ; and 
further, the whole of the machinery is worked by the steam 
obtained from this simple apparatus. The author need hardly 
remind engineers how valuable the results thus obtained may be 
where power is required, and the ease with which the power may 
be utilised as circumstances dictate. 

Deputations from all parts of the country have visited it ; scien- 
tific men at the head of their profession have investigated, by 
appointment and without appointment, at all times, and in every 
case the most direct and unequivocal testimony has been borne to 
its success. 

The author feels sure he will be pardoned for touching upon this, 
as it is only by experience thus gained and imparted to others, that 
data can be arrived at for advising fully and freely our respective 
Boards. 
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From the mass of information the author has received npon the 
subject, he has chosen the following as giving the principal results 
of ihe destructor, from a report by Mr. W. G. Laws, City Engineer, 
Newcastle-on-Tyne (Past President), for the year ending March 
25th, 1887. 

KEWCASTLE-ON-TYNB. 
'' Ashpit GuBANSiNa and Befusb Bemoval. 

^ In my report for the year ending March 1884, this matter was 
treated in some detail, and figures were given of the ascertained 
cost, and particulars of the mode of disposed. So many applications 
have been received from engineers of other towns for copies of 
these figures, that the report for that year ran out of print, and it 
has been thought advisable to repeat the information in the present 
report, with the necessary additions to bring it up to data 

** The subject is one of growing interest and increasing difficulty, 
as towns enlarge in area and population, and the value of facts and 
figures in the possession of the engineers and surveyors of the large 
towns is daily more recognised, and, when published, they are 
eagerly sought after. The Association of Municipal Engineers and 
Surveyors is carrying on a useful work in holding meetings in the 
chief towns of the kingdom, where papers on this and kindred 
subjects are read and discussed, and the actual work inspected and 
criticised, and the results published in their annual Transactions. 
New and improved systems are thus early seen and made known, 
and their merits canvassed by practical men, who are all working 
in the same direction, and what is of even more importance, fidlures 
are quickly recognised, and useless expenditure prevented in other 



** Corporations and Local Boards who are daily spending money in 
sanitary works, should insist on their surveyors not only being 
members of the Association, but also attending their meetings, 
where they will get valuable information and experience which is 
nowhere so cheaply attainable. 

''The cost of refuse removal in Newcastle, for the past year, has 
been 16,205i., viz. :— 

£ 

Bemoval of ashpit reftiBe 6,476 

„ „ street refnae 9,729 

Making a total of £16,205 
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Which represents an amonnt of 124,010 tons of refuse of all 
sorts dealt ^th during the year. 
** This may be divided as follows : — 



Tons. 



Cost 



GoBtperton. 



Ashpits and night soil 
Street sweepings . . . . 
Bead sloiry and dnst ., 
Box ashes 

Total. 



79,873 
19,842 
10,681 
13,661 



6,476 
7,829 
1,900 



1 7» 
5 IJ 

2 H 



124,010 



16,205 



2 7J 



*' The average cost of refdse removal has, therefore, been 2$. 7^d. 
per ton, or, 



Per head of population :— 
(158,000 estimated) 

Per house : — 

(22,900 estimated) 




Which may be divided as follows per head of population and per 
house: — 





Per Head. 


Per House. 




Cwt 


Goat 


C«t. 


Cost. 


Ashpit refose and house refuse proper .. 
Street sweepings, road slurry, &a . . . . 
Box ashes and shop refuse, &o 


10-2 
8-9 
1-8 


«. d. 
9i 
llf 
8 


69-7 
26-7 
11-9 


«. d. 

5 8 

6 10 
1 8 


Total 


15-7 


2 OJ 


108-3 


14 2 



** The refdse has been disposed of in various ways, viz. : — 

^ 1. Sent by rail to farmers as manure. 

'' 2. Deposited at the manure depdts, and afterwards led away by 
fiarmerSy usually at a charge to them of threepence to sixpence per 
load. 

'' 3. Deposited in various tips within the city. 

^ 4. Burnt at the Byker Befuse Destructor. 
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'< Manure has been Bent by rail, as follows : — 

To Ohathill, on the norih 46 miles 

„ Pzospeot Hill, on the east ^ t» 

,, Haltwhistle, on the west 87 „ 

''The amonnt received for the sale of mannre has been 
1487. 17a. 5d., and the cost of such sales, 64Z. ; the balance of 
847. 17d. 5d. has been deducted from the cost of collection, leaving 
the nett cost 6476Z., as above. 

'' The quantities thus disposed of have been : — 



Tons. 



Tods. 



Makubs— Bt Rail to Fabicbbs — 

Ashpit stuff 

Street sweepings 

Led to dep6ts and fields 

Bbfucpb not ayailabli as Manubb — 
To tips trithin the city. 

Street and road slurry • 

Box ashes, fto 

Ashpit material 

BuBNT AT THE Btkeb Dbstbuotob, from Juno 23rd, 
1886, to March 25th, 1887— 

Box ashes 

Ashpit refuse 

Total 



51,490 
5,250 



25,226 

6,986 

18,298 



6,675 
405 



66,740 
9,680 



50,510 



7.080 



124,010 



^^Befusb Destbuotos. 

" The destructor at Byker was lighted on June 23rd, 1886, and 
has been burning regukrly ever since. A careful account has 
been kept of the results of the nine months' working up to date, 
and the cost thereof, and is now given, viz. : — 

Capital cost of 6-oell destmotor, with roads and lines 
oomplete for 12 oeUs £5059 

Cost of working :— £ 

Lahonr 207 

Maintenance and repairs 21 

£228 
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^* During the nine months, the amount of refdse destroyed has 
been 7317 tons, viz. : — 



Box ashes and shop xefoBe 

Ashpit refuse .. .. 

Market refuse 

Condemned meat and infected bedding, &c. 



Tons. 

6675 

405 

210 

27 

7317 



^ The amount reoeived for burning priyate refuse delivered at the 
deetmctor, by tradesmen and others, has been : — 





Tom. 


Clurges. 


Shop and other refuse 

Condemned meat, bedding, &c 


245 
27 


£ «. d. 

4 1 8 
9 


Total 


272 


4 10 8 



'' The sales of clinker and ashes have been : — 





TonB. 


Prioe. 


Amoont. 


To Corporation ior Sbwxr and Street Work-— 

Clinker 

Ashes 

», Contractors and Builders— 

Clinker.. .. 

Ashes 


157 
377 

417 

204 


d. 

4 
8 


£ t. d, 

2 12 4 
12 11 4 

4 6 6 
7 3 4 


Total 




•• 


£'2& 13 A 









'* Thus the nett cost of burning 7317 tons of refuse has been : — 



Repairs •• 




21 


228 
81 4 






Nftttcoat 



2 


Less receipts for :• 
Material burnt 
Products sold 


4 10 8 
26 13 6 








£196 15 

srton. 


10 


. , nett cost 196i. 15«. lOd. 
^^ tons burnt 7817 


= 6id.p 
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^ This, of ooTirse> does not inclnde interest on capital, which 
amounts to 177Z. per annmn on the total capital of 5059/. If this 
be indndedy the total cost per ton would be increased to rather 
over Is." (This amount evidently does not indude the repayment 
of capital.) 

Mr. Hewson, borough engineer of Leeds, has supplied the 
following details ; they are for the year ending Angnst 1884, bat 
are so comprehensive that I inclnde them as a yaloable addition to 
the general information. 



LEEDS. 

*' Statement showmg the cost of working the destructors, during 
the past year, and the quantities of materials consumed by each 
during that time : — 

BUKMANTOFTB. 



Tear ending Angnat 81st, 1884. 



EX F RH DI T U BI. 

To Cost £7282 1». Id. 
repayment of debt by 
equid annual instal- 
ments of principal 
and interest during 
60 years @3J %.. 

„ Labour for 1 year .. 

„ Lime 

„ Depredation at 2} 
per oent. oovering 
repairs 

M Gas, water, rates, Ac. 



£ «. d. 



291 17 

585 1 

84 18 



182 
126 19 



£1220 17 2 



Beoeifts. 



By Mortar ;. 
„ Charcoal . 
„ Scrap iron . 



£ s. d. 


97 18 11 


20 9 6 


14 15 11 



£133 4 4 



Balance 1087 12 10 



£1220 17 2 



" For this depSt the following men are required : — 

1 forenian, who acts as engine driver. 

6 fnmaoemen, working shifts of 3 in night and 3 in day. 

1 labourer, who attends to two mortar mills. 

" Materials consumed during the year ending August 31st, 1884 : — 



Tons of rubbish 
Tons of ashpit refuse 

Beds 

Mattresses 

Pig« 

Oows 

Sheep.. 

Quarters of bad meat 



1,538 

23,207 

45 

96 

58 

9 

9 

4 
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'' Statement showing the cost of working the destructors, during 
the past year, and the quantities of materials consumed by each 
during that time : — 



ABMLET. 

Year ending Angnst Slat, 1884. 

EZFEEVDITUBB. 



To Cost £7466 9$. lOd. 
repayment of debt 
by eqnal ^ni^'n«^l in- 
stalmentB of prin- 
cipal and interest 
during 60 years ® 

3*Vo 

M Labour for 1 year .. 

„ lime 

„ Depreciation at 2) 
per cent oorering 
repairs •• •• •• 

„ Gas, water, ratee, Ac. 



£ «. d. 



299 6 4 

579 17 

69 16 10 


186 IB 
81 1 


8 
10 



£1216 15 8 



Bboezptb. 

£ 8. d. 

By Mortar 858 7 1 

«a Scrap iron •• f. 16 8 8 

£374 10 9 



Balance 842 4 6 

£1216 15 3 



u 



For this depot the following men are required : — 

1 foreman, who acts as engine driver. 

6 fdmaoemen, working shifts of 3 in niglit and 3 in day. 

1 labourer, who attends to two mortar mills. 

^ Materials consumed during the year ending August 31st, 1884 : — 

Tons of ashpit refuse 20,019 

Kattresses 12 

Pigs 16 

Gows 1 

** Total materials consumed in both destructors during the year 
ending August Slst, 1884 : — 

Tons of ashpit, Ac, rubbish 44,764 

Na of beds 45 

„ mattresses 108 

Oaioases of pigs 74 

» n cows 10 

„ „ sheep 9 

Qnuiers of bad meat 4 

** At a total cost to the borough, including interest and sinking 
fund, of 1929Z. lis. 4cZ., or a cost per ton of lO^d. 
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'' It will be seen &om the foregoing that the destractors have 
proved nseful for the deBtmction of diseased carcases and bad meat 

** It is estimated that there are still 23,571 tons of refase col- 
lected which are not now dealt with at the destractors. 

^ The constrnction of the destractors and carboniser at Bar- 
mantofts is as follows : — 

^' The destractor consists of ten compartments or cells (five back 
to back) formed of brickwork lined with fire-bricks, and tied with 
iron rods ; it occapies a space of 36 feet by 24, and 12 feet in 
height, and is so arranged that there is one inclined road leading 
from the adjoining road np to a platform against and higher than 
the top of the destractor, on to which the refase is carted ; and 
another inclined road leading from the same adjoining road down 
to the level of the firing floor, by means of which the mortar, 
charcoal, old iron, &c., are carted away. At the Armley Boad 
Destractors, this low road also leads to a tip at the canal side, 
where mannre is barged away. 

" Each of the cells is capable of destroying 6 tons of refase in 
twenty-foar hoars, and consists of a sloping fomace with hearth 
and fire-grate covered in by a reverberatory arch of fire-brick, 
with one opening at the top for the admission of the refase, and 
another opening at the side near the top for the gases to escape 
into the fine, and a famace frame and doors for the withdrawal of 
the clinkers. The refase, which is tipped from the platform on to 
the top cells, is pashed down the incline or throat with a long iron 
prong, and slides forward on to the sloping hearth, whence, when 
safficiently dry, it is helped forward on to the fire-bars, where it 
barns somewhat fiercely, the fire-brick arch above concentrating 
the radiant heat apon it. The opening for the entry of refase is 
divided from the opening for the exit of gases by a partition wall, 
with a bridge. These prevent the refase which is heaped np 
immediately below, from finding its way into the flae also. At 
intervals of abont two and a half hoars the clinkers are withdrawn 
throagh the famace doors, bat the charge of refase is maintained 
permanently at the top. The efiect of this is that no doors are 
reqaired, the charge keeping down all smoka The resalt of the 
process is that everything is consamed, or converted either into 
clinkers or a fine ash. Every two cells are also provided with an 
opening (with doors) for the introdaction of infected mattresses, 
diseased meat, &c., on to the fire, where everything is readily con- 
samed without causing a smell in the works. 



Digitized by 



Google 



AUD THIZB BBSULTB UP TO THB PBB8EMT TI1CB. 47 

** The gases from the fhrnaces on the m^y to the ehimney-shaft 
pass through a moltitabiilar boiler^ 6 feet diameter, 10 feet in 
lengthy and make steam to drive a horizontal engine with 12-inch 
cylinder and 2-foot stroke, which works two mortar mills with pans 
8 feet diameter. In these the dinkers made in the destructor are 
mixed with lime, and ground into an exceedingly strong mortar, 
which is readily sold at 5a. per ton. No fuel of any kind is 
required, the ashes mixed with the refuse being amply sufficient. 
The old tins and iron which haye passed through the furnace are 
sold for old metal at from 58. to 15a. per ton ; but if collected and 
sold unbumed, they fetch 11. per ton, this is on account of the 
solder yalue saved by non-burning. 

'' The clinker from the furnaces is 25 per ceni by weight of the 
refuse consumed. 

^ The carboniser is not now used, but formerly it was used to con- 
vert the refuse obtained from the vegetable markets and other 
collections into a rough charcoal" 

In connection with the Leeds works, the following interestiug 
report has also recently been made : the object of the experiments 
was to ascertain whether the complaints made of offensive vapours, 
&c., from the destructors, were proved or disproved by analyses 
and tests of the effluent gases. 



«BOEOUGH OP LEEDS. 

^* January 1887. 

" Report to the Sanitary Committee of the Leeds Town Cowncil^ 
on the Oasee and Produets passing from the Destructors at 
Burmantofls and at Anrrdey^ as taken from the main flue 
leading from the Furnace. 

*^ Gentlemen, — In accordance with the resolution of the Com- 
mittee, I have made a number of tests at each set of destructors : — 

*' Visits were made to Armley on the 13th, 16th, and 20th 
December last, and to Burmantofts on the 11th, 23rd, and 29th 
December, and on the 10th, 17th, and 19th of this month. 

" Tests were made on three days at the Armley destructor, and 
on three days at Burmantofts; the other visits to Burmantofts 
were simply visits of inspection. 

** It is evident without any chemical tests that the products of 
combustion must vary according to the material burnt, and according 
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to the rate at which it is attempted to bnm it per square foot of 
fiie-bar or grate surface. 

** The regularity and care with which the fomaces are fed and 
attended to by the stokers, has also a most important bearing on 
the emission of imperfectly burnt products of combustion. Further, 
when the material to be burnt is unusually wet, the drying must 
take a longer time, and may inyolve a slower working of the 
furnaces than when no excess of moisture is present 

*' The following are some particulars of the quantities, &c., of the 
gases passing from the destructors, the observations being made at 
the bottom of the chimney-shafts. 

Abmlxt. Bubmantofts. 

TemperatnieoftheflaegBBee .. .. average 520^ Fahr. 400° Fahr. 

„ „ .... highest 650*^ „ 460° „ 

„ lowest 475° „ 240° „ 

Approximate Telocity in feet per 

second 82 84 

Sectional area of the fine or shaft . . 27 ' 5 sq. ft. 32 sq. ft. 

Cabio feet of gas passing per second 880 1088 

„ „ „ per hour .. 8,168,000 8,916,800 

Tons of air per hour 57*2 80 

Tons of material bnmt per hour .. 2*5 2*5 
Ratio of air to material, or tons of 

air to 1 ton 22*8 82 

Ratio of same in ordinary boiler 

furnaces about 24*0 

„ n with blower .. .. 18*0 



Analysis ov thb Gases from the Destbuotobs at Abmley 
AND Bubmantofts, Leeds. 

** The composition of the gases varies considerably at different 
times, bnt the following may be taken as approximate ayerages : — 
" 100 Yolnmes of the gases contain : — 

Abxlkt. BuRUAKTorrs, 

Oxygen 17*42 18*11 

Carbonic acid 2*82 1*24 

NitK^en 80*26 80*65 

100*00 100*00 

^ These results may be otherwise stated : — 

Oommonair • 87*10 90*55 

Carbonic add 2*82 1*24 

Nitrogen 10*58 8*21 

100*00 100*00 
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*' The gases also oontain in minute quantity: — Snlphnrons and 
sniphnric acids, ammonium salts, volatile organic matter, and solid 
particles in suspension consisting of the finest flue dust which is 
not .deposited in the flue. 

*^The proportions of these substances yarj yery much ai; 
different times, but so fiu: as my experiments show they are rather 
greater at the Burmantofts destructor than at Armley. As 
worked at present the latter appears to be the more efficient 
apparatus. 

'^ On one occasion, when the gases were probably more impure 
than at other times, tests made at Burmantofts gave the following 
results, stated in grains per 100 cubic feet : — 

Ammonia 0*1 

Nitrogenous organio matter 0*6 

BulphnroTiB and sulphtirio adds 18*0 

Totel organic matter about 7*0 

^* Fart of this organic matter may be present in the flue dust 
which passed with the gases into the testing apparatus. 

'^ To secure perfect destruction it would be well if the gases, 
before passing to the shaft, uwre passed through a chamber con- 
taining red-hot fuel. 

*' This chamber might be either fed with gas coke, or perhaps 
with the red-hot clinkers withdrawn from the destructors, which 
still contain some combustible matter. In the latter case, per- 
haps, two chambers worked alternately would be required. 

<' The organic matter sometimes found in the flue gases is most 
probably due to the drying of the materials before they are drawn 
down to the fire-bars to be burnt. If the material could be dried 
on a hot plate or bed aboye the famaces, so arranged that all the 
air passing over the material, and vapour arising from the drying, 
were afterwards passed into the furnace, which would receive all its 
air in this way, then the risk of offensive products from the drying 
would be diminished or entirely prevented. 

^'It is very probable that the fine flue dost, which has an 
irritating effect on the nasal and air passages of persons breathing 
air containing it, is the cause of part of the complaints made 
respecting the destructors. 

" The chamber filled with red-hot fuel would have but little or no 
effect in regard to this flue dust, which would be best remedied by 
the use of a spray of water through which the gases might be 
made to pass. This water spray would also tend to condense some 

E 
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of the fiulphuzoTis add, and would wash aodoleaafle the gases. As 
it would also lower their temperature^ efBfiient draught would have 
to be secured by special means. 

" (Signed) Thomas Faibley, RB-S-E." 

EALING. 

Disposal of sewage sludge and house refuse, &g., for the year 
ending March 25th, 1887 :— 

Details ov Quantities and Oost. 

Tom. 
Qnantity of dast, house refase, &o., received at works daring 
the year 1886. This inclades the dust tipped direct to 
the destructor, about two-thirds of total amount 

received 8267 

Quantity of sludge (after deducting 50 Vo ^o' moisture 
drained off) produced per annum from the population of 
the district 4421 

Total of ashes and sludge when mixed, per annum . . 7688 
Quantity of ditto carted away by market gardeners per 
annum 1565 

Net quantity of sludge and ashes to be dealt with by 
destractor .. 6123 

Annual working expenses .. ..£280 8 10 

23 0/. St. lOd. ^ . , , 
^jgg = 9d. per ton nearly. 

Abstbaot or ExPBiraBB and BEGBiFn. 

£ s. d. 

Labour 880 

Coke breeze 86 8 

Repayment of loan and interest on 
prime oost of destructor shaft, &o. .. 115 18 4 

532 1 4 

OlUEDITS. 

£ a, d. 

The heat firom destructor and cremator 
gives us sufficient steam to work our 
machinery, thus saving 6 chaldrons of 
ooke per week. 8/. 6«. per week for 52 
weeks 171 12 

1960 yards of hard clinker (25 % of mate- 
rial put into destructor) @ Is. .. .. 98 

Sale of rags, bottles, &c., from dust .... 82 5 6 

801 17 6 

£ 8. cL 

Total working expenses 582 1 4 

„ saving 801 17 6 

Annual workmg cost £280 8 10 
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GioBB annual expenses in connection with the treatment of 
sewage sludge and ashes combined : — 

Laboub. 

£ s. d. 
3 men stoking and feeding, 2 at day and 1 at 

night : total time .. 21 days 2 homrs ® 3/10 4 13 

^ ^ 11 
12 6 



1 man screening ashes 
1 »» »i » 


3 
3 


„ „ 
„ „ 


,. 3/8 
n4/2 


1 man looding tracks 

1 « n r. 


6 
6 


M „ 
„ „ 


«8/8 
„8/4 



12 
10 



5 4 9 

2 2 
£7 6 9 



The forgoing represents the honse refuse and sladge, which, 
taken together, give 

71. 6a. 9(2. X 52 weeks = 381Z. lU, say 3802. 

The above statement as to labour includes more than should 
really be charged to the destructor, as the men are engaged part of 
the time in the yard, pumping out and other general worL Half 
the foreman's time is also charged to destructor. 

I^or about six weeks in the year the fires are banked up, and 
there is Httle labour on the destructor ; but no credit is taken for 
this ; nor is there for the hard core from dust, such as tins, &c., 
although the labour of picking over is charged in '' expenses." 

The furnaces are seldom bainked up on Sunday, but when this is 
done the furnaces are filled with refuse and the dampers nearly 
dosed. 

Cost of destructor, &c. : — 

£, 8. d. £ i. d. 

Chimney-ehaft 780 

Cost of 4 cells, fame cremator, and boiler 1270 

2000 

Bepayment of principal and interest per annum on 

100/., 30 years at 4 % 5 15 8 

Bepayment of principal and interest on 2000/ 115 13 4 

Two of our cells and the cremator were built out of current 
account and not out of loan, so there are no annual repayments in 
respect of these, but the author has included the cost in above 
amount. For the destructor itself, no machinery is necessary, but 
of course if it is desired to utilise the heat given off to raise steam, a 
boiler is required. Other machinery of course depends upon the 
requirements of the works. At Ealing there is a 6 horse-power 
engine which drives the liming machine, day mixer, works lift, 
chain pump, special pump, &c., atmospheric ejector, sludge ram 

B 2 



Digitized by 



Google 



52 REFUSE DE8TBU0T0BS 

and mortar mill, &c., and there is steam sufficient to work all the 
above, and additional machinery if required. 

At the present time a considerable saving is being effected by 
using the hard clinker as a base for tar paving, thereby causing 
a saving of 30 per cent. Also on a concrete paving, which can 
be laid for 3$. per yard sup., York paving costing 68. 4d. per yard 
sup. The finer material from ashpit, which contains a good deal of 
recalcined lime, makes a splendid mortar mixed with 1 part of lime 
to 5 of ash, and the clinker when ground makes a good mortar with 
usual proportions. In the above account no special credit has been 
taken for these items. 



BURY, LANCASHIRE. 

The borough engineer, Mr. J. Cartwright, supplies the following 
details of the working of 4-cell destructor for the year ending 
March 31st, 1886:— 

Total cost of destrnotor shaft, high-level road engines, mortar 
miU, &0. £3500 

Total number of tons of refuse burnt 6326 

A staff of four men are employed, 2 at night and 2 in the day. 
Wages 265. per week. 

£ B. d. 
The total cost of working the destrnotor for the year 

has been 438 15 6} 

Credit by profit upon sale of mortar 108 10 l| 

£335 5 5 

Abstract of Expense. 

£ 8. d. 

To annual cost upon working 885 5 5 

„ repayment of principal and interest in (say) 30 years 

at 4 per cent, upon 3500/ 202 8 4 

£637 18 9 
637/. 18«. 9d. 



6826 



- = Is. Sid. per ton. 



HECKMONDWIKE, YOEKSHIEE. 

Mr. T. Gledhill, town surveyor, supplies the following details of 
the working of a 3-cell destructor for tiie year 1886 : — 

Number of loads destroyed 1796 

Entire cost of destructor, including high-level road, 
chimney-shaft, mortar mill, boiler, engine, &c. .. £1512 
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£ 9, d. 

Repayment of loan and interest 118 17 6 

Gas rates and general repaiiB 10 

One man at 25«. per week 65 

„ „ half time at 22<. per week 28 12 

Gleaning boiler, fines, and inBurance 6 

Paid for lime 14 8 

£242 17 6 

ABfiTTBAOT OF EXPENBE AND RECEIPTS. ^ 

£ 8. d. 

As per statement of expense 242 17 6 

Credit per sale of old iron, mortar, Ac. 83 1 6 

£159 16 

159t 16«. Od. , -^, , - — -^-^ 
j^^g = 1». lOrf. per load. 

Mr. Gledhill adds: ''The destmctor was erected nnder my 
snperyisiony and I haye had the management of it since its 
constmction (1879). I can testify to the efficiency of the de- 
stmctor at Heckmondwike, and do not know what we should 
do with onr refuse if we had no destructor." 

The following is an extract from the report of the Sanitary 
Special Sub-Committee of the borough of Huddersfield. Most of 
the towns in which destructors have been erected were visited by 
this Committee and the Borough Engineer Mr. £. S. Dugdale, 
and full particulars obtained. The summary of the information 
obtained is from thirty-one towns, twenty-seven of them being 
towns referred to in the Begistrar-General's Betums. 

EEPOET TO THE OOEPOEATION OF HUDDERSFIELD. 

*'l. P<yptdation of District — This ranges from 15,000 to 
545,320. 

" 2. Area of Ditto.— From 406 to 18,499 acres. 

«3. Bateahle Value of Ditto.— From 40,000Z. to 3,395,804/. 

" 4. Number of Towns in which Destructors are established, — 
Twenty-two : of which twelve have adopted Fryer's Patent ; two of 
them, Birkenhead and Burnley, the * Beehive ' type ; one, Nelson, 
Bichmond and Co.'s; and three, Glasgow, Birmingham, and 
Manchester, theur own design. The aggregate number of cells 
being 149 and four carbonisers. Manchester has, in addition, 
thirteen destructor boilers by Galloway and Sons. 

" 5. Number of Towns having Destructors capable of cremating 
Ashpit i2c/i^6.— Sixteen. The two destructors incapable of this 
are at Birkenhead and Burnley. 
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"6. Proportion of PoptdcUion served by Destructors. — This 
varies from one-fourth to the whole. 

** 7. Numher of Tons of Befuse destroyed per Bay, — ^Prom six 
to seven tons per cell per worldng day of twelve hours. 

''8. Reduction in Bulk and Weiyht^To ahont 25 per cent, 
and 33 per cent, respectively. 

*^ 9. Employment of Besiduum. — In road foundations, making 
mortar, and filling hollows in land. 

" 10. Difficulty in disposing of Old Iron, dtc. — ^This question is 
answered about equally in the affirmative and negative. 

"11. Distance which Befuse is carted to Destructors. — This may 
be set down at 1^ miles. 

** 12. Contiguity of Dwelling-houses to Destructors. — Dwelling- 
houses and works are contiguous to several of the destructors. 

'^ 13. Complaints, — Out of the eighteen towns possessing destruc- 
torSy seven have had complaints regarding them, but with the 
exception of Bolton, none of these seem to have had a more serious 
result than to cause means to be adopted for burning the gases 
before they pass into the chinmey. 

" 14, Height of Chimneys.— Tina varies from 60 feet to 260 feet. 
One chimney only is 60 feet, viz. that at Nelson, where the 
works are, as yet, more or less experimental. No doubt local 
circumstances and requirements determine height of chimney. 

" 15 and 16. Cost anii%aZty.— Answers to these queries differ 
so far as to be of little use to the Committee. 

" 17. Numher of Men and their Wages. — Apart from attendance 
at mortar mill or other machinery, it may be token that five, or at 
most six cells, require two firemen. Bate of wages varies. 

" 18. Utilisation of Waste Heat. — In eight cases the otherwise 
waste heat is utilised for generating steam for motive purposes 
connected with the works. 

" 19. Circumstances which led to adoption of Destructors. — In 
most cases the difficulty of finding tips for the refuse, or other 
means of disposing of it. 

" 20. Deposit of Ashpit Befuse on Building Land. — In many 
cases ashpit refuse has been deposited upon building land, and in 
some of the towns this is still dona Complaints, however, appear 
to have been frequent, and in certain of the towns a layer of con- 
crete 12 inches thick over the site of intended buildings is exacted. 
In others the refuse is covered with virgin earth to a considerable 
depth. 

" 21. Closet or Privy system in Use. — This is marked by variety, 
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and embraces nearly every kind from the primitiye privy and 
midden to the modem w.o., several thousands on the pail system, 
with its dry ash-pits, being amongst the number." 

The committee further state that *^a properly constructed 
destructor need be no nuisance." 

No reliable information can be given as to cost of erection, it 
being so much affected by site^ height of chimney, level of ground, 
&c. In some cases it may be necessary to construct an inclined 
road to top of furnaces, in other cases the ground may be so 
situated as to render this unnecessary. Then with reference to the 
chimney. The cost varies very much for this dass of work, but 
would probably be nearly 80 per cent, cheaper in the north of 
England than in the south, for whereas the cost of a shaft at Leeds 
150 feet high is given as 474Z., the one at Ealing (Middlesex), 
only 143 feet in height, cost 7002. 

Li some towns the residuum from destructors is ground into 
mortar and sold ready for use at prices varying from 58. to Is. per 
ton ; at Bury, where 58. per ton is charged, the estimated profit in 
1886 was 103Z. IO5. 

The author finds a very considerable difference in the cost of 
burning per ton of refuse ; this is also dependent very much upon 
original cost, also upon quantity consumed. To give an approximate 
idea, he has taken the following towns as examples : — 

Per Ton. 
«. rf. 

Bury 6,000 tons burnt in the year. — ^Netoost of bforning 1 0| 

Ealing .. .. 6,000 „ „ „ „ „ 9 

Heckmondwike 2,000 „ „ „ „ „ 1 10 

Kewoafitle.. .. 7.317 „ „ „ »f „ 1 

Leeds .. .. 44,764 „ „ ,. „ , •» ^ ^^* 

These several amounts (with the exception of Newcastle, see 
Beport) include repayment of principal and interest, allowance 
being made for profit derived from sale of mortar, &C.9 the variation 
in cost arising almost entirely from difference of repayment In 
the case of Ealing the destruction of sludge must be taken into 
consideration in any comparison made ; at the same time it is only 
right that attention should be called to the credit taken in the 
account of profits upon the Ealing Works in the matter of steam. 
The author considers this a perfectly legitimate credit, an absolute 
saving being effected in ooke, the said coke being for engine work 
connected entirely with the sewage works, and not with the 
destructor, as is the case in the Leeds and other works, where the 
power is used in working mortar mills, a credit being taken in the 
accounts for mortar sold. 
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Name of Town. 



Date of 

erectioD 

of De- 

stractor. 



Batlej 

Bath 

Battenea .. 

Blaokbum .. . 

Bolton •• . •• • 
Bonrnemonth .. 

Bradford 

Bnrslem 

Bury 

Cheltenham .. . 

Derby 

Ealing 

Heckmondwike 

Homsey 

HnU 

Longton 

Leeds 

Do 

Rochdale 

NewcaBtle-on-Tyne 
Nottingham .. . 

Preston 

Salford 

Warrington 
Whiteohapel .. . 



O.D. 
level 
of Bite. 



Height 
of shaft 
(In feet). 



0. D. level 

of highest 

Inhabited 

part of 

district 

within 

one mile. 



Distance 
of nearest 
dwellings 
(in yards). 



Any complaints of dost 
or smell. 



Have just obtained sanction to loan for Destructor. 
Plans now before Committee. 



Tenders for Destmctor being advertised for. 

Tes, from smell when 
110 



1881 



1881-2 



430 



105 



180 



625 



475 



50 



burning fish offal, 
&o., but now have 
a Cremator. 



No. 



Destmctor is in course of erection. 
1881 I 450 I 180 I 670 | 200 



Occasionally. 



Tenders for Destructor just been invited. 



1881 350 180 



405 



200 



Are purchasing site for Destructor. 



1882 


150 


160 


250 


300 


1882 


80 


143 


100 


»{ 


1879 


180 


•• 


450 


40 



U Not from dust : used 
|\ to from smell. 



No. 

Not since '* Cremator" 
has been in operation. 

No. 



Land has just been obtained for Destructor. 
1882 I Borough is level 80 | No. 

Destructor in course of erection. 



1877 


225 


150 


800 


60 


1879 


112 


120 


300 


30 


1882 


401 


250 


600 


160 


1886 


184 


150 


204 


70 


1882 


82 


160 


190 


150 


1886 


117 


180 


140 


40 


1882 


102 


180 


139 


160 


1879 


27 


120 


50 


1000 


1886 


49 


180 


50 


5 



No. 

( Complaints of dust 
\ occasionally. 

No. 
No. 
No. 
No. 
No. 

No. 

{Dust occasionally 
(not from chimney) 
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In bringing this paper or compilation of details to a close, the 
author would express a hope that the information given may prove 
of some yalae to his brother-officers in dealing with this important 
subject. When our esteemed President, J. Gordon, Esq., M.LO.E., at 
the end of the Portsmouth meeting in June last, made request that 
I would prepare a paper for the Annual Meeting upon the question 
of ' The Destructor and its Results,' it must be admitted that in 
giving my consent I lost sight for the moment of the large amount 
of information it would be necessary to obtain, and the very short 
time in which to do it. These difficulties were, however, over- 
come by the extremely kind way in which all to whom application 
was made, responded to my request ; and I take this opportunity 
of expressing my sincere thanks, not only to my brother-officers 
whose names appear in the paper, but to all those gentlemen who 
suppUed me with information which, for want of space, I have been 
unable to make use o£ 
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APPENDIX. 



HORNSEY. 

At the Homsey inqniry, held by John Thomhill Harrison, Esq., 
G.E., the following important evidence was giyen : — 

{Extract from Shorthand Notes,) 

" Dr. TiDT was then examined. 

" Mr. LrPTLBB, Q.O. : I believe, Dr. Tidy, yon have devoted your 
life to the study of sanitary matters ? 

"Dr. Tidy: Yes. 

**Mr. LrrTLBB: And you are aware of the systems of improved 
destructors, such as Fryer's, and especially cremators ? 

" Dr. Tmv : Yes, and I believe I have seen all the destructors in 
England. 

" Mr. LiTTLEB : Now, even where there is no cremator, I think 
you will agree with me that there need be no nuisance. 

" Dr. Tn>T : I think it possible to manage them without, but, I 
confess, with some little difficulty. The point is this: with the 
burning of organic matter, one of two things happens; you either 
get what is called destructive distillation, which is burning at a low 
temperature, without any danger, but offensive products may be 
produced ; or you bum completely, by having your furnace at a high 
temperature, and then the only products are carbonic acid and water. 
What is important to me is, that with a cremator you must bum 
completely, and you then get all your matter reduced to carbonic acid 
and water. 

" Mr. LiTTLBB : Which is perfectly innocuous ? 

"Dr. Tidy: Perfectly. 

"The Insfbctob: What is the temperature in the cremator? 

"Dr. Tidy: Fifteen hundred degrees is easily reached. I have 
been on many occasions to Ealing, and I have never yet found the 
temperature fall below that necessary to convert the refuse into 
carbonic acid and water. 
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" Mr. LiTTLBB : Aboat eleren hnndred degrees is enongli for that, 
I believe? 

" Dr. Tn>T : Yes, but fourteen hundred to fifteen hnndred degrees 
is perfectly certain. 

'* Mr. LiTTLEB : Do you consider a destructor the best method 
of dealing with house refuse ? 

*^ Dr. Tn>T : I consider the destructor, with the cremator, an 
enormous advantage in sanitary work. 

'' Mr. LiTTLBB : And of course, with the matter in the hands of 
the Local Board, they will be able to take the organic and other 
o£fensive matter and dispose of it at once, without nuisance or injury 
to the New Eiver Company or anyone else ? 

" Dr. Tidy : Certainly. 

''Mr. Littlsb: And in a place like Homsey, where there are 
proper water-closets, there will be no fasces ? 

''Dr. Tidt: Yes; but even if there was there would be no smell. 
In Ealing a great deal of such deposits come through. The sludge 
and even pieces of brick are put in, but they can all be dealt with 
without difficulty or nuisance. 

"The Inbfbctob: Have you examined the gases from that at 
Ealing? 

" Dr. Tidt : Yes, and the result is entirely carbonic acid and 
water. 

" Mr. LiTTLBB : And if there was carbonic acid in this room it 
would not hurt ? 

" Dr. Tidy : No ; but that is entirely diflferent, because it would 
be confined, but in the open it would be di£fused through the 
air. 

" Mr. LiTTLEB : I think that is all I need ask you. Dr. Tidy." 

Mr. Andbews, C.E., of Bournemouth, — where a four-cell 
destructor and cremator has lately been erected, — was then ex- 
amined and gave most satisfactory evidence. 



EALING. 

In the antuixm of this year I received instruction from my 
Board to proceed with the construction of two additional cells to 
the destructor. This necessitated a slight increase in the length of 
the *' Fume Cremator," about 2 feet 3 inches being added to the 
length shown in Plan annexed. This addition has proved of 
immense value, the results being most satisfactory ; for although 
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the fire is less concentrated than formerly, I obtain a larger and 
better-spread bed of redrhot fuel. Gombnstion is of necessity more 
complete, £requent firing is avoided, and the gases have a greater 
length of furnace to traverse, whilst the heat, if not quite so intense 
as formerly, is more than snfiScient to accomplish the object desired. 
A very slight additional cost for breeze is incurred, and a consider- 
able increase of power may be obtained if required. 

The eminent scientist. Professor J. A. Wanklyn, was requested 
to visit and report upon the above : I append his report : — 

" Labobatobt, 

*<7, Westmiksteb Chaubbbs, 
** London, S.W. 

''On 9th December 1887 I paid a visit to the Ealing (Southern) 
Sewage Works, where all the house refuse and nine-tenths of the 
sewage from the Ealing district (population, 22,000} is dealt with. 

"^ At these works there is in operation a fonr-cell < Fryer's Destrno- 
tor,' together with certain adjuncts designed by Mr. C. Jones, O.E., 
the engineer to the Ealing Local Board. ' Jones's Fame Cremator ' 
especially attracted my attention. Headings of the temperature were 
made at the time as follows : — 

In pAflsage from Cells to ^ Fame Cremator '* 610^ Fahr. 

In "Fume Cremator" 1270 „ 

After leaving " Fume Cremator " 1100 „ 

*' At these temperatures, and in presence of the accompanying air, 
all septic poisons are destroyed, and organic compounds are resolved 
into carbonic acid, water, and nitrogen gas ; only the minutest traces 
of empyreumatic products could survive and pass away through the 
shaft into the general atmosphere. No harm to the health of the 
commuiity is to be expected or feared from these products. 

" J. Alfred Wanklyn, M.E.O.S., 

" Professor of Chemistry. 

" 12ih December, 1887." 
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DISCUSSION. 

The Pbbbident: As the time is Yery short, and we have 
already largely exceeded what was to have beea devoted to onr 
visits elsewhere, I must beg of you to direct your attention to the 
subject we have to discuss* It is, as you know, the paper on 
'^Destructors," read by Mr. Jones at the Annual Meeting of the 
Association at Leicester. In introducing the subject, I think it 
will be well probably if I read a letter or two I have reoeiyed from 
gentlemen who are not able to be present with us this afternoon. 
The first is from Mr. EUice-Glark. He says :— 

''I regret that engagements will prevent my attending at 
West Bromwich, which I should have had much pleasure in doing, 
so as to pay my respects to Mr. Eayrs, one of the most energetic 
of Municipal engineers. I see you are going to discuss Destruc- 
tors. I have not had much experience on this question, but, 
speaking generally, I can eonoeiye no more serious waste of fuel 
and nitrogenous matter than consuming the ash remains of coal, 
to convert decaying * refuse ' into gases, which m their turn pol- 
lute the air. Instead of the Association of Municipal Engineers 
discussing the readiest method of using up the residual carbon for 
the destruction of a manure base, it might be seriously engaged 
in considering the more economical consumption of coal in domestic 
dwellings. The enormous waste of fuel which now takes place, 
amounting to so much as 60 and 70 per cent., is a reproach to our 
profession. Still more so the ' destruction of refuse/ when our 
exhausted soik are passing out of cultivation for want of a cheap 
nitrogenous fertilizer. It will be contended that the munidptd 
engineer has no time to enter into a question of this sort. I 
cannot conceive that such is always to be the case. I hope and 
believe the municipal and sanitary engineer has time to enter into 
this question, which is essentially both sanitary and economic. I hope 
and believe the municipal and sanitary engineer of the future will 
look on '' Destructors" with the same eyes and emotions that we 
have for a hatchet of the Stone Age." 

The next letter is from a gentleman I am exceedingly sorry is 
not here to-day, who has prepared some fiocts and figures relating 
to the subject we are to discuss to-day, Mr. Laws, of Newcastla 
He says : — 

'* 1 am prevented at the last moment from coming over to the 
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disctission on Deetrnctors, by a meeting being fixed for to-morrow, 
which I must attend. It is Yoxations, for my bag was packed. 
I have not time even to write down anything for yon, but, as a 
trifling contribution, send the financial results of first twelve 
months' working as made out for Mr. Godrington. I have kept a 
very careful account of the matter, in order to haye a perfectly 
unbiassed record, £Etcts being worth more than opinions. We are 
about to make some experiments shortly on 'Temperatures of 
Flues,' ' Constitution of Gases,' &a, which will in due time be laid 
before the Association." 

The papers and fsusts which Mr. Laws sends as his contribution 
to the discussion are as follows : — 

** I have pleasure in sending you the particulars of the twelye 
months' working of the Newcastle-on-Tyne refuse destructor. 
This you will see, including aU material and repairs, and deducting 
all receipts, leaves the nett cost of burning at 6 'Si. per ton. In 
calculating the further amount due for interest and redemption, I 
have taken account of the &ct that 14007. of our present expendi- 
ture would not have been necessary but for the intention of 
extending the structure to twelve cells. The nett capital cost, 
therefore, applicable to the present six cells is only 8,6402. out of the 
5,040Z. expended. Taking the interest on capital at 3i per cent, 
and the redemption in twenty-five years at 4 per cent., this brings 
the total cost up to the figures herein, viz. : — 13 •3d. per ton burnt. 
This, however, is scarcely a &ir way of putting the cost, as, of 
course, the interest decreases year by year, and in twenty-five years 
the redemption will cease. The &irest way appears to be to take 
5 per cent, upon the capital expended, which amounts to 4'35<l., 
thus making the cost of burning a little under ll^d. 



«BBFUSB DBSTBUOTOB. BYKBB. 

£ t. d. £ $. d. 

Capital expended up to date .. .. 5040 
Of this, £1400 in yiew of future 
extensions 1400 8640 



d. 

Working expenses per ton burnt .. .. 6*80 

Interest on capital 3i per oent 3*05 

Bedemption of capital „ (25 yean) 3-48 

13*33 
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WORKING ACCOUNT. 



Fbox 29th Junb, 1886 to 29tb Jukb, 1887. 

£ $. cL £ 8, d. 

Labourage 298 1 7 

Material 32 4 11 380 6 6 



Beoeipts. 

£ s. d. 

Prodaots sold, ashes, sears, &c 1572 loads 39 8 9 

Receipts from private parties for 
ticl^ts for burning refuse 6 5 

45 13 9 

TonB. 

No. of loads of refuse burnt 9,124 loads 

Bquiyalentto 10,036 

Average 32 '2 tons per day. 

£ 9. d. 

Total cost for 12 months 330 6 6 

Receipts for „ 45 13 9 

284 12 9 
Nett cost of burning 10,036 tons of stuff = 6 8<{. per ton." 

I have also a letter £rom Mr. Strachan, of Chelsea, but I will 
not read it unless the meeting wishes it read. I have not had 
time to communicate with Mr. Strachan, or I would have pointed 
out to him that I think the remarks are hardly such as he would 
haye made if he had been present. A great deal he has written 
here might fisdrly be the subject of controyersj, but no doubt it 
will appear in a somewhat modified form in the report of our 
proceedings. At the same time I feel that, haying regard to the 
remarks I made at Leicester, in my introductory address at the 
annual meeting, Mr. Strachan scarcely confines himself to the line 
of argument I always hope to see obeeryed in the discussions of 
this Association. 

Mr. Db Oouboy Meade: This is such an exhaustiye paper, 
and the subject has been dealt with so fully by Mr. Jones, that, as 
we haye now only about nine minutes left, I think it would be 
well if we adjourned the discussion until the next district meeting, 
although I see some of our members present who haye had prac- 
tical experience of refuse treatment for eight or nine years. The 
cost of burning as giyen by Mr. Jones yaries from 9(2. to Is. lO^d. 
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per ton ; and I think if the Metropolitan vestries were to see a 
few of these furnaces at work^ and were satisfied that the work 
oonld be done for the amount named by Mr. Jones, and without 
nuisanoe, the present system of deaUn^ with the MetropoUtan 
refuse would very soon be abandoned. I have taken a very 
great deal of interest in this subject, and reported on it very fully 
three and a half years ago, and my Board have the question before 
them now. I think it would be a pity to close this discussion this 
eyening, and I would therefore suggest that it should be deferred 
until the next meeting. 

Mr. Walteb Bbookb : I quite agree with Mr. Meade that it 
would be well that this discussion should not be closed to-day, 
seeing there are some members present who may desire to say 
something on the subject now. After I had made some experi- 
ments with a ** Beehiye " destructor, my committee desired me to 
go on, in spite of opposition and complaints from certain quarters, 
and Dr. Tidy (who was called in to advise the Eichmond Vestry) 
strongly urged me to '' fight it out." But legal proceedings were 
taken, as some one had seen a little smoke issuing from the top 
of the chimney, and a fine dust had been deposited in adjoining 
gardens. My committee then said that I must stop burning ; that 
they could not have such a chimney in the place, or they would 
be swarmed with actions. I had placed early in the year 1885 a 
furnace in the destructor so as to bum the disagreeable fumes that 
previously escaped from the shaft, but after the determined opposi- 
tion of the district (it being publicly stated that it should be closed 
at all costs) I abandoned the destructor, as I could not go on and 
risk my professional reputation under such circumstances. I must 
say that I have seen the Ealing chimney when I should not have 
considered it a good thing for the place ; and though Mr. Jones 
may not have had complaints at Ealing, I certainly had at Bich- 
mond. I consider the construction of the Beehive fiiulty in many 
respects. The way in which the material is thrown into the 
furnace is a great mistake. Whether it was that I had more time 
that I could devote to superintending the destructor than other 
surveyors using the beehive I cannot say ; but I found that, with 
thorough supervision, I could bum refuse at lOd. per ton. StiU, 
at the same time, I should not now adopt the ^' Beehive." The 
Yestry decided to dose the destructor at Richmond after it had 
been at work ten months. I will reserve any further remarks on 
the subject until I have more carefully perused Mr. Jones' paper. 

F 
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Mr. Sadleb : There are one or two points respecting which I 
wish for some information. One of these is the cost, which 
Mr. Jones has very properly put as one of the first considera- 
tions with town councils and local boards. In that, the cost 
of collection must necessarily be one of the principal items ; but 
what I wish to arrive at most is the actual cost of working the 
destructor. I haye had so many different estimates given to me, 
that I am really unable to say what the cost should be. The cost 
of collection must, of course, depend upon the local circumstances. 
The other point upon which I wish for information is, as to the 
single or double construction of the furnaces. In some places I 
have found them built back to back, and in others in a single row. 
It seems to me that, where there is a destructor of six or eight cells 
a great deal of power is lost by the single construction, because 
one side will be open to the air. In this matter we may say that 
heat is money, and the more heat we can retain, the more work the 
destructor will be able to do. I should also like to know what is 
the actual cost of a destructor, and the number of tons of refuse 
which can be consumed in a day in each furnace. 

Mr. Ajn>BEWs : I have come a long way to hear this discussion, 
which is on a subject in which my Board feel a deep interest. For 
some time my Board have been looking about for the best mode of 
deahng with the town refuse of Bournemouth. A committee of 
my Board visited nearly every town in England where a destructor 
was in use, and I accompanied the committee. Amongst other 
places we went to Bichmond and Burnley, where we saw-the 
** Beehive." The committee at once condemned the " Beehive " as 
they saw it at Bichmond, but were more fetvourably impressed by 
the one at Burnley. When we returned to Bournemouth, it was 
decided to erect a destructor, and after a local board inquiry had 
been held, was put up at a total cost of SfiOOl. This included 
600Z. for three acres of land, 900Z. for the ironwork, and 1500Z. for 
the brickwork and the chimney shaft. The chinmey shaft is 137 
feet in height, and alone cost about 5001. of the total amount. The 
destructor was only started last week, and all the fuel we have 
used to keep up the fires has simply been the coal refuse among 
the house ashes. The fires consume everything efficiently, and so 
far we have not had any complaint of any nuisance. As Mr. Jones 
puts it, everybody in the South complains of tall chimney shafts, 
and we have had to erect ours on the highest part of Bournemouth. 

Mr. Wabneb (Nottingham) : Several points have been raised in 
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the oonrse of this discnssion, which I think should be answered. 
Mr. Meade has referred to destructors in yariotis parts of the 
country^ and wondered why more headway was not made with 
them in the South of England, than in other parts of the 
country. I attribute this to the condition of the refuse which has 
to be dealt with in the South, compared with that in Northern 
towns, and the means ayailable for the disposal of the refuse. In 
London, especially, the refose is collected from a population where 
the sewage is dealt with ahnost entirely by the water-Ksarriage 
system. It does not, therefore, contain the matter mixed with the 
refuse which is found in many of the northern towns. That refuse 
is utilised in the making of bricks or roads. Haying no faecal 
matter mixed with it, there has been a ready means of getting rid 
of this refuse until lately. But now, brick-making haying gone 
down, the cost to local boards of remoying and getting rid of this 
refuse is greater than that of burning it in a destructor. This 
will haye the efiSsct of making the authorities of London and of 
Southern towns, see that the destructor is the best known 
mode of getting rid of house refuse. There is no difficulty in thus 
treating the refose about London and in Southern towns; but 
there is some difficulty in thus dealing with the refuse of Midland 
and Northern towns. In West Bromwich, for instance, I beheye 
there is a mixed system, the house refuse being emptied into 
middens connected with closets. Taken together this would bum, 
if mixed in anything like ayerage proportions ; but if, taken with 
a greater ayerage of midden moisture, containing perhaps 90 per 
cent, the moisture would put almost too great a strain on the 
destructor. It would first haye to be dried down, and then it 
would contain sufficient combustible matter to be effectually de- 
stroyed. I went down to Bournemouth with a friend, who had 
pointed out that the furnaces of the destructor there should be 
capable of raising a yast amount of heat — as much in fact as is 
obtained on board large steamships — but the material burnt was 
not equal in carbon to coaL In coal they got from 80 to 86 per 
cent of carbon ; but the best quaUty of refuse, such as has to be 
dealt with in Southern towns, only contains about 10 or 12 per 
cent, of carbon, which has to actually destroy or change the con- 
dition of the refuse in the fomace containing 90 per cent of incom- 
bustible matter — ^to dry it in the first place, then to bum the dried 
material and fuse it into a hard clinker, which, in being formed, 
has to be subjected to the enormous temperature requisite to fuse 

F 2 
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iron. After this, you may feel perfectly sure there is nothing 
left in the product likely to he injurious to the public health. 
Sewage sludge, as it is taken from the tanks, contains about 
93 per cent, of moisture, and after being allowed to stand, 
contains perhaps 40 per cent. ; and this, mixed with house refuse 
containing perhaps 12 per cent, of moisture, has all to be burnt in 
one mass. The small amount of carbon in the house refuse would 
not be sufiSdent to carry off that volume of vapour, and the fumes 
given off during combustion would smell somewhat. This risk of 
nuisance has led Mr. Jones to put his wits together to see whether 
it can be avoided. Dr. Tidy, Dr. Hill, Mr. Hawksley, Mr. 
CJodrington, Mr. J. T. Harrison, and other eminent men have in- 
spected Mr. Jones' apparatus at Ealing, and have expressed a very 
high opinion of it. The heat given off by it is more than the 
germs in any vapour could support. It may appear at first sight 
that there was no invention, as furnaces to bum gases have been 
invented years ago; but you must bear in mind that previous 
inventors have not arranged for the requisite high temperature to 
be maintained by a small consumption of fuel Of course, if more 
fuel has to be added, this increases the cost per ton of destroying 
the refuse, and raises the question whether it is worth while 
erecting a cremator. Mr. Jones has succeeded in so regulating* 
his heat as to get a high temperature without the use of 
extra fuel. The vapours given off by destructors are to a 
great extent combustible vapours, containing as they do ingredients 
that are inflammable. Then the dust has been considered by many 
a great difficulty ; but Mr. Jones has managed that this dust is 
thrown down in such a way as to prevent nuisance. The power 
generated by a destructor when at work is also worth considera- 
tion. It has been thought, if the refuse could be got rid of, it 
would be a good thing, and sufficient attention has not been given 
to the utilising of the heat generated as a motive power. I think 
this has been done to the greatest extent at Southampton, where 
the heat is passed through a special boiler, which gives sufficient 
power to eject the whole of the sewage sludge about a mile and a 
quarter. This power is equal to 30 '6 horsepower, and as it is 
obtained from a four-cell destructor, is equal to about 7^ horse- 
power per cell. If the heat generated in destructors where it is 
necessary to have twenty to forty cells, the power thus to be 
obtained might be utilised in various other ways, and would help 
to reduce the cost of dealing with town refuse by destructors. 
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Mr. W. Dent : Although I do not hesitate to award the first 
place to Fryer's destructor for the perfection to which the 
apparatus has been brought, I think the remarks made by Mr. 
Jones respecting some other kinds of destructors are hardly correct 
Mr. Jones has not inquired from me what we are doing at Nelson, 
or what it costs to work the destructor. Mr. Jones is wrong in 
saying it is a priyate speculation. It is designed to bum a special 
kind of refuse, and it is now regularly doing so at the very moderate 
cost of about Is. 3d. per ton of refuse consumed. This is exclusive 
of working the cremator. My town contains a population of about 
20,000 people, in a district where the most offensive refuse cannot 
be sati^Gtctorily got rid of except by burning. So far from the 
destructor appearing not to have found much &Your, the Local 
Board of Nelson has purchased it. Some slight alterations to the 
flues have been made in it ; but I am not aware of any which would 
give Mr. Jones ground for complaint. The cost of working any 
cremator will of course be greatly influenced in every case by the 
price of fuel, and the quantity consumed in relation to the weight 
of refuse burnt. I should like to ask Mr. Jones what was the 
first cost of the cremator put up at Blackburn, in connection 
with Fryer's destructor, the cost of working it, and why it has 
been discojitinued. 

The Pbesident: As the time which we can devote to the 
discussion of this subject has expired, I would suggest that any one 
else who has any remarks to make should send them to the 
Secretary in writing, in time for Mr. Jones to reply to them, 
80 that the whole may be included in the volume of our pro- 
ceedings. What is wanted is practical information. We want the 
experience of every member of the Association who has dealt with 
this subject, so as to lay it before other members who have to 
advise their respective lo(»d boards on the question. No doubt the 
chief question which has occupied the attention of town councils 
and local boards is, that the difficulty of dealing with the refuse of 
towns is increasing. All are anxious to fiind out the best method 
of solving this difficulty, which increases in proportion to the 
growth of population. These difficulties are necessarily greater 
in some localities than they are in others; but the greatest 
difficulty which has hitherto had to be confronted is that of cost. 
On this point we have had some valuable information laid before 
us by a member of the Association, Mr. W. G. Laws, of Newcastle- 
on-Tyne, who has made it his business to ascertain the actual quantity 
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of refnse collected, and the cost of dealing with it Mr. Laws states 
that the ayerage cost of removing refuse at Newcastle, estimating the 
quantity for the year at 124,010 tons, was 2s. l^d. per ton. The 
amount receiyed from the sale of manure was 148Z. 17s. 5e2., from 
which 64Z. had to be deducted for attendant expenses, leaving a 
nett balance of 847. 178. 5d. to be deducted from the cost of col- 
lection. With that deduction the total nett cost is 16,205Z. If there 
were no other way of dealing with town refuse than burning it in 
destructors, then seventy-four cells would be required at Newcastle, 
at a nett cost, accordhig to Mr. Laws, of 3358/., or, including 
interest and redemption of capital, 6200/. per annum. These are 
facts which town councils, members of local boards, and members 
of this Association, want to know and get at. The practice 
hitherto has been to fill up pits with town refuse. In the course 
of time these places become valuable as building sites ; but we, as 
sanitary engineers, cannot regard their use for such a purpose as a 
proper thing. Mr Jones has given us the cost of working his 
system at Ealing as 9d. per ton. I must say I think Mr. Jones 
has made a low estimate of it. Mr. Laws, including the interest 
on capital, puts the cost at la. per ton, and that seems to 
me a fair calculation. Thus at Newcastle the destruction of 
refuse costs Is. per ton, in addition to the cost of cartage to the 
destructor. If the cost of carriage could be reduced, much 
would be done towards meeting the difficulty of total cost. The 
question whether they should erect destructors in the centre of 
populous localities was also involved. This difficulty Mr. Jones 
claims to have met with his fume cremator, if we can only 
impress that upon the town councils and local boards with which 
we are connected. I am not sure, however, that we have arrived 
at the best method yet. I have before me a report of a three 
days' inquiry before a Committee of the House of Commons ; but 
the genUemen called to give evidence were not able to satisfy the 
Committee to the extent of getting them to allow a destructor 
to be built at Kensington. Still, I am sure we owe a debt of 
gratitude to Mr. Jones for having contributed his interesting 
paper, and there is no doubt it will form a valuable addition to the 
proceedings of the Association. We also owe our thanks to the 
Mayor and Corporation of West Bromwich for the kind manner in 
which they have placed the Town Hall and Council Chamber at 
our service. We have been met and received to-day in a way we 
shall always be able to look back upon with pleasure. 
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The Mayor op West Bromwich: I am snre I can say, on 
behalf of my colleagues and myself, that we haye had great 
pleasure in placing this building at your disposal ; and that we are 
gratified that West Bromwich has been considered of sufficient 
importance for the Association to hold one of its district meetings 
here. I have listened with great attention and profit to the 
discussion which has taken place; and I shall take an early 
opportunity of reading Mr. Jones' paper, as West Bromwich, like 
many other towns with a growing population, has found a 
difficulty in dealing with the great problem of disposing of house 
refuse. 

OOBRESPONDENOB. 

Mr. W. Brooke : Haying carefully perused the yaluable paper 
prepared by Mr. Jones, I cannot allow the statement published in 
his paper respecting the two Beehiye destructors, lately in use 
here, to pass without some corrections, inasmuch as it might other- 
wise be somewhat misleading. 

The two Beehives built at Richmond were the first erected out of 
the patentee's district, and were opened in August 1884, the writer 
then haying been only two months the surveyor — the destructor 
having been recommended by a special committee of the vestry, 
after they had visited and inspected all the destructors then known 
in use in England previous to my appointment. The cost of 
erection of two hives, including chimney-shaft 90 feet high, was 
443Z. 4s. 6i. 

Although at first the destructors consumed the quantity they 
were guaranteed to destroy, viz. 15 cwt. per hour for each hive, the 
frail construction of the destructors, together with the wrought-iron 
furnace-bars, which were destroyed with the great heat within 
twenty-two weeks, and were replaced by cast-iron bars, which 
were almost as good at the time of pulling dovm the destructors as 
when first fixed. 

The mode of charging the destructor was faulty from the first, 
and the double furnace I found could be dispensed with. 

The destructors had only been at work about two weeks, when 
complaints were made as to unburnt paper and other matter 
escaping from the chimney. A ^-inch mesh-iron grid was fixed in 
the chimney-shaft, which preyented this, but other complaints were 
then made as to fine ashes escaping. After about six weeks 
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burning the destructors commenced to giye great trouble on 
account of the frailty of their construction, and steps were taken to 
erect new destructors on a larger scale^ or to rebuild them in a 
more substantial manner. 

In January 1885, when preparing the plans for a new destructor 
(which were approyed by the Dust Disposal Committee), the writer 
contemplated usiog one of the beehiyes as a coke furnace to con- 
sume the smoke from the furnaces proposed to bo erected. These 
plans were abandoned on account of the continued opposition from 
certain ratepayers who stated they would haye no dust destructors 
in the parish yard at all costs. 

The writer, beUeying no destructor could be used without unfair 
opposition and prejudice, adyised his committee (until the opposi- 
tion quieted down) to repair the existing destructors, which sugges- 
tion was carried out in February and March 1885, at a cost of 
141 Z. 14a. 11(7., the same including all experiments made so as to 
preyent the alleged nuisance complained of by the adjoining resi- 
dents preyious to rebuilding. 

To preyent the fine stuff escaping from the chimney shaft, the 
writer caused baffle plates to be fixed at the base of the chimney, 
and also a water chamber with water always passing oyer a weir so 
as to catch the heayy particles in the smoke, and which was found 
to answer the purpose yery well ; but after this, complaints were 
made as to the smell from the smoke. Haying erected hot-plates 
for the drying of granite siftings used in making tar asphalte, oyer 
the fine from one of the destructors, and finding when the destructor 
was at work that the smoke was hardly perceptible, it was eyident 
that the hot-plates caused the smoke to be partly consumed. I 
erected therefore in April 1885, a coke furnace which entirely 
consumed the whole of the smoke from one destructor, it being 
nearly impossible a hundred yards distant from the chimney to 
know if the destructor was burning eyen by throwing large pieces 
of tar asphalte into the furnace. 

The writer is of opinion that most of the opposition encountered 
was merely sentimental; seeing the chimney shaft alone was a 
great bone of contention with many of the residents, it being the 
only large one in the district, and it was mainly on account of the 
solicitors engaged in the disputes, who seemed anxious to get the 
destructors closed, that the Vestry gaye orders for it to be dis- 
continued. 

The committee, after the alterations had been made, were of 



Digitized by 



Google 



[Table i 



Hefuse Screened only a portion of this time. 



GroB8 total 
I cost of 
, Disposal. 



Credit. 



Gross cost - 
of dispos.il 
per ton. I 



Breeze 
sold. 



Fine BtulT 
sold. 



ToUl. 



Net actual ««♦-«♦« 
cost of iNetactu 

disposal of' "^^^^ 
refuse. 



ton. 



<l. £ i. d. 
i;4 6 5 



Pence. 
11-1 



£ f . d. £ s. d. 

,0 6 o'o 9 

1 



£ s. d. I £ s. d.\ pence. 

i i 

15 5 10 9-7 



ing. 



-T- 



Tools. 



Repairs to 
Destructor. 



^^V^r ^-!!!!l-i I Actuftl cost of 



n d. 



e\ B i\ 



£ $. d. 



pence. 



|\s USED. Refuse not Sifted. 



1 to pay from 2s. 9 /. to 3s. 3^/. per cubic yard. The ashes are used 



J .>.EKS. 



Digitized by 



Google 



Digitized by 



Google 



'IE ID' 

PARISH ^ 

THi T 




^^'^ 



wt 



Digitized by 



Google 



Digitized by 



Google 



RISK YARD 

HE TOWN SURVEYOR. 




GROUND LINE 



STC KE HOLE 



BB^ 



D l y i i i zyu uy Vj OQQIC 



Digitized by 



Google 



OOBBESPONDEKOE. 73 

opinion that the actions then pending against the Vestry shonld 
be fought ont, and they were, I believe, so advised in March by 
many experts, bnt the complainant having said he would stay his 
action upon payment of costs, the soHcitor strongly advised the 
vestry (against the wishes of the vrriter) to close the destructors, 
and they were accordingly closed on the ISth June 1885, having 
been in use forty-two weeks. 

The writer is strongly of opinion that the destructors after 
re-building would have destroyed about half of the town refuse at 
a cost of about Is. 5d. per ton, as shown by table A, from which it 
would be seen that between the first week in March to the middle 
of June the destructors were constantly burning for sixty-three 
days without any cost for repairs. 

Table A shows the costs during the three different periods 
the destructors were in use, viz., the period working with double 
furnaces as reconamended by the patentee, when the cost of destroy- 
ing the refuse, including sifting, was about 10(2. per ton; the 
period after the grids and baffle plates were fixed, and which con- 
siderably lessened the draught, when cost of sifting and destroying 
was Ud. per ton ; the period after the furnaces were re-built in a 
more substantial manner with grids, baffle plates, and smoke con- 
suming furnace (when the refuse was not screened) when the 
actual cost for destroying the refuse was Is. 5|cZ. per ton. 

Taking the whole period from the time the destructors were 
first started until the closing of them the average cost (by allowing 
for the value of clinker) was lOd, per ton on the refuse delivered. 
If no value is allowed for the clinker, it would be Is. 7d. per ton. 

In arriving at the cost for the whole period I have allowed what 
would be the annual charge for repayment of principle and interest 
on the actual cost of the destructor, viz., 5851 at 4 per cent., 
allowing for the whole to be repaid in ten years. 

The actual cost of destroying refuse by the Beehive destructor 
as experienced at Richmond, bears favourable comparison with the 
cost of destroying by other destructors elsewhere, although I am 
of opinion that Fryer's destructor is far superior to the Beehive, 
as the destructor as originally built was very feulty in construction, 
which no doubt accounts for the failures experienced with it else- 
where. 

The accompanying drawings show how the grid, baffle plates, 
water basin, and smoke consumer were constructed in the destruc- 
tor as used here, being taken from actual measurements before the 
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destructors were pulled down, and the same as they were in use for 
about three months. 

Mr. Laoey writes that he approves of the principle of 
burning ashes and house-refuse in the destructor, and utilising 
the heat generated thereby, but he disapproyes of burning 
sludge in it. He has often noticed a disagreeable smell from the 
chimney-shaft of the Ealing destructor, and suggested that it 
might be advisable to increase the size or alter the form of the 
cremator, so that the gases might occupy a greater time in passing 
through it, and he holds that with a sufficiently large fume 
cremator, and increased facilities for freeing the flues from dust 
the destructor would serve the purposes for which it was invented, 
and he is about to advise his Board to adopt the destructor, utilising 
its heat for pumping purposes, and making up the balance of 
power by the cremator. 

Mr. Lacey greatly objects to the mixing sewage sludge mih the 
house refuse, so allowing a partially decomposed mass to accumu- 
late for weeks for the purpose of being put through the destructor. 
As an instance, if it were proposed to adopt this method for 
dealing with the London sludge, assuming the population of the 
Metropolitan district at 3,500,000, and the quantity of sludge at 
only 1 ton per thousand per day, and it took six weeks for it to 
become sufficiently consolidated to remoye to the destructors, there 
would be a continued accumulation of some 147,000 tons of sludge 
mixed with perhaps an equal quantity of house refuse. 

According to details of quantity and cost of the disposal of sludge 
and house refuse, all the Ealing sludge is not burnt. The quantity 
of mixed sludge and ashes actually burnt is stated to be 3945 
tons, as follows : — 

AffhoB mixed with Blndge 1089 (viz. ) of 8267) 

Sludge produced from population .. .. 4421 

Total mixed .. •. 5510 

Deduct quantity carted away by market 
gardeners 1565 

Quantity of mixed sludge actually burnt .. 3945 

with which the remaining 2178 (two-thirds of total) tons of dry 
ashes are burnt It is therefore, after all, only retusonable to suppose 
that> if it were necessary to bum the 1565 tons of mixed sludge 
given to market gardeners, it would require a proportionate 
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amount of dry asheB^ viz. 864 tons, to effect its proper combustion. 
This is the more important when it is considered that not nine- 
tenths of the slndge of the district is dealt with at the southern 
works, although all the ashes of the district are. 

Again, referring to the details of cost, he does not consider it 
fair to deduct the entire saying of fuel, viz. 171Z. 12d., as the 
working of the atmospheric ejector and mortar mill are certainly 
for the disposal of the sludge and refose clinker. There is also 
no account of lime introduced into the sewage sludge before being 
ejected into the tanks ; cost of water for hydraxdic lift used for 
lifting sludge to the top of the destructor ; or cost of carting the 
breeze, which is at least l8. per chaldron, to the Brentford works. 

Mr. G. E. Steaohan : The principle of disposing of the dry 
household refuse of towns by fire is emerging firom its experimental 
to its practical state. Since its inception it has been modified, 
and it will haye to be further modified and adapted to the actual 
conditions of the problem, before it can be regarded as satisfactory 
in its application. Some of the destructors are the occasion of 
annoyance arising from inherent defects and from careless manage- 
ment. I regard the principle of destroying dust by fire as a most 
yaluable one, and as one worth much effort and study to apply it 
in the follest manner to the practical problem. As suryeyors, we 
haye this question in our special charge. We are the men who 
will erect destructors, we will have charge of them in our daily 
work, we wR find out their lack of eflBciency, and it will be by 
our suggestions and experiments that remedies for defects will be 
found. Our Association should play a leading part in the solution 
of this question. If every one who had sewage disposal works 
under his care had regarded himself as an experimenter, whose aim 
was to find the solution of a scientific problem, and had given the 
world the benefit of his mistakes as well as of his successes, much 
public and private money would have been saved, and the solution 
of that problem would to-day have been common knowledga We 
are now -starting on the development of this principle, and as 
we are public men experimenting with public money, we should 
avoid these hindrances. Every destructor erected should contain 
the latest developments of the principle. If every surveyor places 
his experience frankly and folly at the disposal of the Association 
this end will be attained, and we will have made our Association 
the means of solving a sanitary and scientific problem. Holding 
these views, I regret that Mr. Jones has not corrected a statement 
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on the qnestion made by him at Ealing, in 1884, and which js 
printed on page 203, Vol. X., of onr 'Proceedings' — '*0n the 
qnestion of nuisance arising I must distinctly say there is nothing 
for any nnisance to arise from in the use of a destructor." It was 
true when he said it, but does not the fact of his haying patented 
a '^ fume cremator " to be added to the destructor, show that he 
has found reason from further experience to modify this statement. 
Mr. Jones, in his paper, has not dealt with that annoyance from 
destructors which Mr. Hewson graphically described as ** salting and 
peppering " the district with fine dust. Mr. Hewson frankly states 
that it occurs at Leeds, which haa its destructors in a thickly popu- 
lated neighbourhood. It may be that the Ealing destructor, being in 
a comparatively open country, has not given |Mr. Jones the oppor- 
tunity of ascertaining that it exists. There can be no doubt that a de- 
structor causes annoyance, however. In March or April of this year, 
Mr. H. L. W. Lawson,M.P., wrote to the Whitechapel Board of Works 
as follows : '* My attention has been drawn to the nuisance caused 
by the destructor recently built by you in the immediate vicinity 
of my property in Wentworth Street. Having erected a block of 
industrial dwellings in that street, specially adapted for the use of the 
poorer classes, I learn from my tenants that the cleanliness of the place 
is most prejudicially afiected by volumes of dust, &c., discharged 
from the destructor." About the same time the Eev. Mr. Bamett 
wrote to them : " When the destructor was started I refused to 
take any part in opposing your plan, holding it to be my duty to 
support you in a reform. . . . Now, however, after some months' 
experience, I do make a formal complaint that the chimney deposits 
a large amount of light, partially consumed paper ash. This falls 
so thickly as to cover the ground, and in one case to stop a 
gutter." These complaints bear their own evidence of genuine- 
ness. The destructor was in full work in October, 1886, when I 
visited it, so that six months had elapsed before these gentlemen 
complained. In like manner the City destructor has caused 
annoyance. The Bev. H. Jephson applied at the Southwark 
Police Court in July last for advice as to remedying the nuisance 
caused by the nauseating effluvia, cinders, and other refuse which 
escaped from the shaft. This defect is due to the heightening of 
the shafts of destructors. At first they were 120 feet high ; then, 
as better combustion was needed, they were raised to 150 feet ; 
then to 180 feet for the like reasoa The dust as it is delivered 
to the furnace contains some completely burned ash in the form of 
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dust that cannot be destroyed by fire. As the dnst slides do^m 
the sloping hearth the fierce draught catches this ash and hnrls it 
through the shaft. This is a defect due to the present method of 
creating a draught. There must be a fierce draught to consume 
the dnst : that draught is obtained by a tall shaft, bat the taller 
the shaft and the fiercer the draught, the more the dust-distributing 
efficiency is increased. It would thus appear that the method of 
a tall shaft to increase the draught is erroneous. The ^'fume 
cremator " will not cure this defect, for the mineral dust will pass 
untouched through it, having previously been through a fire of at 
least equal temperature. I am a sceptic as to the value of the solution 
of the sludge difficulty by burning ii The principle laid down that 
** the dust of a town is sufficient to bum the sludge of a town," is one 
of those general statements which can, in my opinion, be dis- 
proved, for the author asserts that sludge can be burned by itself. 
The cost of these destructors is, in my opinion, excessive. No one 
can object to the patentees recouping themselves for the time and 
capital sunk in tiieii invention, but I am sure that unless they 
are prepared to accept a price at once reasonable and remunerative, 
one of two things will happen: (1) the destructor will be less 
frequently adopted, or (2) endeavours will be made to devise a 
new form of furnace. The inventors should recognise the feet 
that the principle and details of their destructors are being 
amended by public money. Every destructor which is erected 
reveals some defect, which is avoided in the next. It is there- 
fore reasonable to ask that experience gained by the expenditure 
of pubUc money be not charged for to the public at too high a 
price. 

Mr. Jones: The first gentleman who has taken up the 
discussion is Mr. Lemon, and following his remarks I can 
find but little to reply to. Like myself, he had a nuisance to deal 
with, " and travelled all over England to find a mode of getting rid 
of the nuisance." And what conclusion did he arrive at ? " The 
most effectual mode was to erect a furnace which Mr. Jones called a 
^muffle furnace.'" Mr. Lemon does not agree with me in 
burning the sludge, does not think it the right thing to do, and 
concludes with the following remarks : ** However, he gets rid of a 
nuisance, and that is saying something for him " ; it is unnecessary 
for me to say more. I had a nuisance to get rid of, a terrible 
nuisance, both in a sanitary and a monetary point of view, and 
I have by a simple means, effectually got rid of it Mr. De 
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Gonrcy Meade sajB, ^' I cannot but think that if the Metropolitan 
vestries were to see a few of the destructors at work, their system 
for the disposal of refase wonld be soon abandoned." I do not 
doubt but tiiat this will be the natural outcome of the discussions 
now taking place, for Battersea and Hampstead have, since the 
paper was written, opened destructors with fame cremators 
attached, and I am happy to say they are both working well I 
refer only to the Metropolitan vestries ; there are others in other 
parts of the country, which during the last six months have been 
opened, and which I am, from inquiries made, justified in saying 
are working in every way satisfactorily. With respect to the 
remarks of Mr. Walter Brooke, bearing in mind my experience with 
the Beehive destructor, I cannot in any way criticise the remarks 
made. The question relative to the same is one which Mr. Brooke 
has answered himself, and I see no reason to alter the opinion I 
formed with respect to same. The questions raised by Mr. Sadler 
of Cheltenham, are important, but at the same time, the reply to 
them must depend very much upon the mode in which they are 
treated. The experience which I have gained during the months 
which have elapsed since the discussion was first started justifies 
me in saying that the expenses I have set forth in my paper as 
applied to the Ealing destructor are maximum expenses for 
working a destructor of that size, and I think it may be taken 
that two men a day and one man at night are sufficient to work in 
the most thorough and complete way a six-cell destructor with 
cremator attached. In one case, to which I will refer at the con- 
clusion of my remarks, this was not so. Upon the point of single 
or double construction, to which Mr. Sadler refers, in my opinion 
for four or six cells the single construction is the best, but beyond 
six cells, say eight to twelve, I think they should be built back to 
back; it will be found that, in the majority of cases, in the 
single destructor the difficulty anticipated by Mr. Sadler does not 
take place, as the back wall is generally protected by the overhead 
platform. With respect to the absolute cost of the destructor, 
this, to some extent, as I have endeavoured to show in my paper, 
must be dependent upon the cost of material and labour in the 
place where the destructor is built. Z have, however, generally 
given it as my opinion that 3007. per cell should include all the 
expenses necessary both for the d^tructor and cremator. As I 
have previously stated, the cost of the shaft at Ealing is 700Z., being 
143 feet in height. The one at Bournemouth is 137 feet high, and 
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cost 5002. I am pleased to hear the remarks made by Mr. Andrews, 
of Bonmemonth. It must be evident that that which would 
satisfy the fashionable seaside resort of Bonmemonth onght to be 
satisfactory to any town in England ; and the testimony which 
Mr. Andrews has borne, after some months' experience of the work 
of the destmctor and cremator, is, they have no reason to complain, 
bat that it is highly satis&ctory to every one concerned. The 
interesting remarks made by Mr. Warner npon the question of 
destmctor, are valuable, inasmuch as they are the result of many 
years' experience, and I cannot but feel gratified at the testimony 
which Mr. Wamer has borne to the work which the destmctor 
has dona Z will now refer to the question Mr. Dent has put, as 
to why the cremator was discontinued working in Blackburn. 
This cremator was not erected under my supervision, and I found, 
on visiting Blackburn, that it was not well designed, and to use the 
words of an eminent Government inspector, the cremator was 
''badly placed, and there were unfortunate throttlings of the 
draughts." The complaint made, however, was against the cost, 
for it appears from the evidence of the inspector, already referred 
to, and from the ' Proceedings ' of the Council itself, that " the 
nuisance complained of was, however, abated." The great expense 
of working was mainly caused by using coke at 5d. lOd, a ton, 
instead of breeze at a cost of 1$, 6d. or 28. per chaldron. This I 
proved to the committee by having the ashes in the dust yard 
screened, when it was shown by the pyrometer that the heat could 
be maintained with such material at firom 1200" to 1300^ Fahr. 

The Members visUed the extensive Iron Foundries of Messrs. 
John dt Samuel Roberts, Swan Village, West Bromvnch, These 
works cover a large area, and employ about 500 i/nen in the 
various operations of pattem-maJcing, movMing, core-making, 
fitting, turning, dtc. The process of manufacturiTig large gas and 
water pipes of 48-incA diam,eieT and downwards was shown^ and 
the filtering shops, where turned and bored socket-pipes were 
being faced by special machinery of novel construction, were 
also inspected. On leaving these Works the Members proceeded 
to the Piercy Blue Bride, Tile, and Terra-cotta Works of 
Mr. Joseph Hamblet. On the way examples were seen of the effect 
of mining subsidences, causing houses, buildings, and tall chimneys 
to be cracked, pulled to pieces^ and out of plumb. On reaching 
Mr. EanMefs Works, the marl-hole uhis first visited, where the 
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marl and rock is got hy hlaatingy and charges were exploded in 
view of the Members. The marl and rock is conveyed from the 
quarry hy means of a tramway to the mills where it is mixed in 
proper proportions. This marl is suitable for loth red and Hue 
bricks; the blue is the hardest and best, and is simply caused by 
increased and longer continued heat in burning. Hie rock and 
marl is tipped into the mills and passed through the rolls. On 
the bricks, dtcy leaving the machines they are taken to drying- 
rooms, where they are suffidenUy dried by heated flues under the 
floors before removal to the presses. The presses are Hamblefs 
Patent, and are worked by friction discs, computed to give a strain 
0^ 120 tons on each brick, and any pattern can be pressed on the 
face of them. The bricks finished by this process stand a 
crushing strain of 1064 tons per square foot, as tested by KircaJdy. 
Copings for walls are made both by means of wood mmlds, and 
stock kinds by steam press. The kilns in which the goods are 
burnt are Scotch kilns lined throughout with fire-bricks, but the 
great heai required in burning blue bricks soon destroys them. 
It requires about a fortnight to fill, bum, and empty a kiln, and 
eight days and nights are required for burning only. The 
Members also inspected the manufacture of encaustic tiles of 
different designs, also the modelling of terra-cotta for several 
important works. They also saw the manufacture of ridge-tiles, 
and chimney-pots by machine, ensuring their being perfectly true. 
The burning of the encaustic tUes is dime in pottery kilns, and the 
tiles placed in ** saggars " before burning. Upwards of 200 
horse-power is required in the mills. 

After the inspection the Members sat down to a substantial 
luncheon, kindy provided by Mr. Harrihlet. The Members pro- 
ceeded to Dartmouth Park, belonging to the Corporation, where a 
boating lake and open swimming bath was being constructed by 
the borough engineer, Mr. Eayrs. The park contains 65J acres, 
and the land was presented by Earl Dartmouth. It has been 
tastefully laid out in walks and drives, and being of an undu- 
lating character, having very extensive views of the surrounding 
cou/ntry, it is the favourite resort of the " Bla^k Country " inhabi- 
tants. It contains a lodge, conservatory, band-stand, refreshment 
room, shelters, observatory, drinking-fountain, and latrines, and 
has grounds laid out for cricket and football. The new boating- 
lake contains 6 acres with an island of nearly ^ an acre. Tlie 
ground will be filled up and excavated as required to form the 
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bottom of the lake, 80 €Uto have a depth of tinUer safe inccLse of cusei-' 
dents, being 2 feei on one side and gradually sloping to ^feet on the 
other, a box puddle mil be run round the embankment, a landing 
stage will be provided, also a boat-house, with accommodation for 
thirty boats, and also an office. The boat-house and office is in 
half4imbered work, the upper portion being filled with rough cad, 
and surmounted by a weather-van^. The open swimming bath 
has an area of^an acre, with a depth of 6 feet 6 ins, at one end 
and 2 feet at the other. Diving-hoards are provided and 
indicators showing the depth. The bath is enclosed by a high 
boarded fence, so as to secure privacy, and a dressing shed and 
latrines are provided for bathers. The cost of the work is 3000Z. 
After driving round the park the Members returned to the Town 
Hall, when the discussion on Mr. Jones* paper, on ^Befuse De^ 
structors and their Results up to (he Present Time* was continued. 
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DISTRICT MEETING AT LUTON. 

October 29th, 1887. 

EM in the Covmil Chamber, Town JToH, Lw^, hy hind per- 
mission of the Mayor, Mr. Councillor BlundeU. 



-*# 



Mr. 0. 0. Eobfion, Surveyor to the Local Board, Willesden, was 
tmammonsly re-elected Hon. Secretary for the Home CountieB 
district. 

THE SEWAGE WORKS OP LUTON. 
By W. H. LEETE, Borough Subvbtob. 

The town of Lnton, situate at the sonthem extremity of Bedford- 
shire, is the chief centre of the straw hat and bonnet industry, 
haying at the present time a population of abont 80,500 ; its rate- 
able i^ne is 104,3167. ; the mnnicipal area comprises 2600 acres 
and it has about 30 miles of roads and streets. 

Situated at the head of the Lea watershed, and aboye the intake 
of the New Biyer Company, also the large lakes in the Hoo estate 
belonging to the Leigh fitmily, the authorities haye been, from the 
earliest deyelopment of the place until now, jealously watched, and 
greater precautions haye been enforced and required irom time to 
time to prevent pollution of the Lea and the lakes, as this paper sets 
forth. They have never failed to make increased provision for sani- 
tary requirements^ as the necessities caused by tixe growth of the 
town have demanded of them. 

Luton derives its name from the river Lea, which rises in the 
parish three miles above the town, at Leagrave Marsh. The stream 
is very small in its course through the town. Its original name 
was Lygea Byrig ('4ygea" meaning a river in an open field, and 
'' byrig " a town). In Doomsday survey it is called Loitoine ; in 
the reign of Henry YII., Lewton, and in that of Charles I., Lvton. 
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The Lea has of recent years, during the dronghts, been ahnost 
dried np. About the year 1800 there were only five streets, and 
within three years of that date the first bridge was erected over 
the stream. 

The original industry was malting, of which no fewer than sixty 
kilns were worked, also a few tanneries, and there were six wat^ 
com- mills on the stream. The straw plait industry was first intro- 
duced by a company of Lorraine plaiters, who left Scotland, owing 
to troublesome times in the reign of Mary, Qneen of Scots. The 
trade has grown from small beginnings to the present extent of an 
annual turnover of l,750,0O0Z. 

Li 1821 the population was 2980, and the number of houses 
586. Up to 1850 the town was without any system of drainage, 
other than open ditches and drains leading direct to the river. 
« The Public Health Act, 1848 " was adopted by the town, and on 
August 12th, 1850, the first meeting of the Local Board was held, 
and from that time the town has steadily increased in population 
and in the improvement of its sanitary arrangements. 

The growth of the town and increase of commerce brought with 
it grave difficulties, as the then owner of the Luton Hoo estate 
(Mr. J. S. Leigh) charged the Local Authority with the fouling of 
his lakes, and obtained an injunction to restrain the Authority 
ftom polluting the stream. As a result of this action plans were 
invited, and a scheme was decided upon in the year 1856, when 
1^ acres of land between the Park Boad and Windmill Boad were 
purchased, upon which to erect outfidl works, viz. : — 

An engine and boiler-house with machinery, also receiving-tanks 
and filter-beds, were erected, and fitted up with sludge-lifting and 
lime-mixing apparatus for dealing with the sewage, in connection 
with which an intercepting sewer was constructed of about a mile 
in extent, measuring 42 inches by 30 inches, with a gradient of 
1 m 600. 

Sir Joseph Bazalgette was consulted as to route, levels, and 
method of construction of the sewer, and after completion, on an 
examination made by him, he reported on the unsoundness of the 
work, and suggested caulking and rendering in cement, which, if 
done, was very badly executed, as spring water, at certain seasons, in 
very large quantities found its way into the sewer. It is much to 
be regretted that Sir Joseph Bazalgette's recommendation to put 
in the sewer at a lower level was not carried out, it would then 
have been dear of the bed of the stream. 

o 2 
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The town steadily grew from time to time, and new works were 
added ; an nnderabot water-wheel driven by the effluent was fixed 
to work the liming gear, and a set of three plonger-pmnps for 
lifting the sludge. Additional storage tanks were also dug, and » 
large excavation was made to receive the storm water. 

The Local Authority in the year 1868 were again served with 
a notice, in conformity with an Act, chap. 154, dated 30th July, 
entitled '^ An Act to make better provision for the preservation and 
improvement of the river Lea and its tributaries, and for other 
purposes." As a result of this legislation, in which the then 
Local Board was represented by our late esteemed townsman, 
Mr. Evan Owen Williams, also Mr. Alderman Higgins and Mr. 
George Bailey, Clerk to the Board, and mainly by their efforts, the 
following clause was inserted : — 

No. 101. — "Nothing in this Act shgll operate or extend to 
prevent the Local Board of Health for the district of Luton, and 
the inhabitants of the town of Luton for the time being, from 
maintaining and continuing their present sewerage and drainage 
works, or from discharging into the said river Lea the sewage 
water or matter flowing from such sewers or drains after such 
sewage water or matter has been subjected to the process of purifi- 
cation known as Higgs' proce^, in pursuance of conditions 
enjoined upon them by the writ of injunction awarded against 
them by and out of the High Court of Chancery on the twelfth 
day of April, one thousand eight hundred and fifty-eight, in a suit 
wherein her Majesty's then Attorney-General, at the relation of 
John Shaw Leigh, Esquire, was informant, the said John Shaw 
Leigh being plaintiff, and the township of Luton Local Board of 
Health defendants; or some other process which from time to 
time may be in use, as the best then known practicable process for 
the purification of sewage to the satisfisu^tion of her Majesty's 
Secretary of State for the Home Department. In case any differ- 
ence shall arise thereon between the Conservancy Board and the 
said Local Board of Health, they shall, if required by the said 
Secretary of State, adopt such improved process accordingly, pro- 
viding tiiat the said Local Board of Health shall not increase 
the sectional area of their present sewerage and drainage works." 

In order from time to time to meet the wishes of the Conser- 
vators, several processes were tried claiming to perfectly effect the 
precipitation of the matter held in solution, clarification and puri- 
fication of the effluent, Whitbread's bisaldc phosphate with lime, 
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and others, but all signally fstiled to produce a clear and satis- 
&ctory efilnent, or to effect any improvement on the simple lime 
process. I may here observe that the sewage of Lnton daring 
a rainy season is very much diluted with subsoil and spring 
water, and is also continuously deeply coloured by dyes used for 
dyeing straw plaits. 

Most of the vegetable dyes, when they come in contact with any 
of the mineral adds, form such strong liquid dyes that it is not 
possible to disintegrate the component parts, to be able to bring 
the liquid to a dear state, without incurring a very costly chemical 
treatment, and possible death to fish in the lakes near outfiall. The 
same can be said respecting the strong aniline dyes now 
extensively used, which when they come in contact with strong 
acidulated mineral solutions, form liquids impossible to bring to a 
clear state by the ordinary means of precipitation. 

The local plait-making industry has during the last six years 
declined until it has become almost obsolete, owing to the enormous 
importation of foreign plaits, alleged to be equal in quality to the 
local manufacture, and much cheaper. The plaiter has now 
to make up the foreign-made plait into hats or bonnets ; this has 
had the effect of driving the villagers into the town, and creating 
a great demand for cottage property. 

Finding that the clarification of the sewage could not be 
obtained either to the satisfieustion of the owa&c of the Hoo Estate, 
the Lea Conservancy, the New Biver Company, or the Local 
Authority, by the use of chemicals and precipitation, the Authority, 
which had but recently emerged from a Local Board into the more 
dignified and larger representative body, viz., a Town Council, set 
about endeavouring to cope with the difficulty, and in 1878 plans 
were made by the writer,and an appUcation to itie Local Government 
Board for a loan of 10,000Z. obtained for the following works, viz. : — 

The purchase of mill and miller's water right, and the removal 
of this, the last water-mill on the stream, dose to the outfall, 
lowering and straightening of river bed and its course, new road, 
sewers, outfall, and a bucket-wheel to raise the sewage of a district 
below the general discharge of the town sewer. Purchase of five 
acres of land adjacent to the tanks, levelling, terracing, and draining 
the whole, underdraining 1^ acres an average depth of 3 feet and 6 
feet apart in peaty loam soil ; the remaming 3^ acres of terraced 
chalk formation was drained 7 feet deep and 12 feet apart, all dis^ 
charging into the stream above flood-water level. Levelling and 
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ridging also 17^ acres of leasehold ground* Laying 15-inch and 
12-inch rising main with requisite yalyes^and making carriers and 
conduits. Building engine and boiler house^ and putting down a 
horizontal 20 horse-power condensing engine and 25-inch pump, 
calculated to lift li million gallons in 12 hours. 

The machinery was erected by Messrs. Withinshaw, of Bir- 
mingham, firom t^eir own design, and has done good service. This 
madbinery, when repaired, will be a very useful reserve power for 
the lower levek 

The making of sewers, road, bridge, and river was let by 
contract, the remainder of the work was performed by the Corpora- 
tion's own workmen. The whole of the work was completed 
within the estimate. 

The experience of the benefits arising firom the effect of first 
using chemicals, precipitating the solids and pumping the partially 
clarified water on to tiie deep-drained area, was only satisfactory so 
long as the fine chalk passed away with the effluent during the first 
year or two. The ridging of the surface was each year alternately 
worked, thus giving the water each season a new and clean filter ; 
yet, notwithstanding the depth of drains and the solid chalk it 
had to pass through, the effluent water passed away highly coloured. 

In order to more fully test the value of deep drains, I put some 
in the leasehold land, and sealed with puddled clay the top joints of 
pipes in order to compel the water to pass through the solid walls 
and thence up into bottom of pipe; the result of this trial was 
equally disappointing, the colour being still as decided. Under 
these circumstances we were compelled to use the 17^ acres of 
land without intermission, causing it to be continuously fiooded in 
the hollows, not daring to lay another outlet to the Lea as was at 
first contemplated. Natural earth had and did dispose of some 
800,000 gallons of sewage six days in every week. Chemical 
treatment was again tried, viz., Hille's salts of magnesium and tar 
with lime, which was to be the cure of all our ills and shortcomings ; 
the patentee had the works placed at his disposal for six months, 
only to M more signally, leaving us in a filthy condition. 
Mr. John Hanson's black ash has also been tried, but was found to 
be quite ineffective, not in the least degree touching the colour. 
These circumstances and the insufficiency of our pumping plant to 
cope with the entire flow of twenty-four hours' sewage, and worse 
still, our very limited area of land, laid us open again to complaints 
from the old quarters. 
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The borough between 1876 and 1885 grew very rapidly, ahnost 
to the extent of one-third extra population. 

The CooncLl determined to look ont for sufficient land at a 
distance from the river, to admit, if possible, of the sewage flowing 
by gravitation, bnt owing to the natural features of this part of the 
Lea valley, it was found impracticable ; and as we should have had 
to have recourse to pumping under any drcumstanoeB, it was 
decided to look nearer homa For a long time we tried to obtain 
part of a small hxm adjoining our leasehold land, but found the 
price, viz 2502. per acre, out of the question ; fortunately, we were 
driven further afield. 

The new farm comprises 71 acres, 1 rood, 27 poles at an average 
price of 1282. per acre. It is situate just outside and adjoining the 
borough boundary, and its extremity is fully a mile beyond the 
pmnping station, its greatest height 184 feet. 

The nature of the soil is as follows : — ^the foot of the hill has a 
good depth of excellent staple overlying the chalk, and at its 
lowest point is 11 feet above the springs ; the hill-sides and upper 
ground have but a very shallow depth of staple, varying from 
9 inches to 4 inches, and frequently on the south-eastern side the 
chalk crops througk The first layer of chalk is open and small, 
varying in depth from 2 to 5 feet, under which there is larger 
chalk lying at an angle of 50°, which was found somewhat loose 
but free from large fissures. Very few flint stones in the chalk 
were found in the excavations of tanks and rising main. The land 
served by the three carriers below the summit is close, being strong 
clay and rank stones, having frequent hard, marly chalk cones or 
heads cropping up near to surface. This portion is not good 
ground for the purpose of irrigation, and it is fortunately but a 
small portion of the whole. 

The land is irrigated in the following manner :— 

A 16-inch G. I. turned and bored rising main is laid from the 

pumping station, having a reflux valve dose to the air vessel and 

Stone's gun-mekl faced valves en route to serve every level as 

follows : — 

ft. ft. 

Ist yalre oommands land adjacent to station 10 to 20 lift. 

■ ■■ - 42 „ 

61 „ 

70 „ 

116 „ 

125 „ 

136 „ 

145 „ 
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This point is the end of 16-inch mam and top of chalk land 
measnring in all 1541 yards, costing per yard including valyes 

21a. lOd. 

ft 
OthTalre oommands 7th conduit and 3rd above tanks 158 lift 
10th „ », 8th M and 4th „ 170 

11th n „ 9th „ and 5th „ 184 „ 

N.6. This point is the top of rising main and snmmit of &rm. 
The length of the 12-inch main is 220 yards, costing 16b. 6d. per 
yard. 

The valves are in each instance clear of the rising main the end 
of which is always open, heing protected by large wrought-iron 
caps, allowing perfect freedom for the delivery of the fluid. 

In order to have thorough control over the volume of sewage to 
be dealt with, I have constructed on the hill-side, at the 62 feet 
level, two tanks, and other two at the heights respectively of 
116 feet and 125 feet. These are but simple earth excavations, 
the base of the new bants measuring from 35 feet to 50 feet ; they 
were originally 12 feet high and 4 feet wide on top to allow for 
subsidence, the inside slope being faced with strong puddled clay 
starting a foot in the solid at the bottom, about 18 inches thick 
and following the batter of the slope to a height of 24 inches above 
high water, where it is only 12 inches thick, which has proved 
efifectual in holding the water. 

Disc valves are used for the outlets to carriers and sludge-beds, 
one small sludge-bed being provided for each tank, of similar con- 
struction to the tanks. The poorness of the land, however, will 
admit for a long time of the crude sewage being applied directly 
to the land without any interception of the solids. These tanks will 
hold 1,023,700 gallons, and may be filled twice in 24 hours. The 
tanks cannot get unduly filled, as a 12-inch overflow drain is pro- 
vided to each. The amount of absorption through the bottom and 
slopes of embankment is very great, and when they were first filled, 
the whole of the sewage percolated through in 48 hours. The 
cost of these tanks, including valves, &c., amounted to 462Z. or 
^8. per tbousand gallons. The average capacity of each tank is 
255,937 gallons. 

The conduits or carriers from the various levels, are simple 
earth cuts to a fall of 1 inch per chain, following the contour of 
the hill-sides ; glazed block sluices are placed a chain apart, and 
in the smaller carriers land pipe drains are laid through the banks, 
6 yards apart, for the distribution of the sewage over the ground 
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by oocasioiial clearing out these cuts, they are kept clean. The 
length of these carriers over the farm amoonts to slightly over 
8 miles, and cost at the rate of 8|i. per yard. 

An area of about 9 acres of land at the foot and side of the hill 
is laid out in a series of levels and ridged, so as to ensure the re- 
tention of the sewage and uniform distribution oyer the entire area, 
without any large accumulations at the foot of the hill. The cost 
of this class of work amounts to the sum of 161. per acra 

The chief area of the &rm is laid down with rye grass, for which 
we haye had a good sale this year ; it is the cheapest crop on a 
sewage fismn. We haye also about 16 acres of arable land, upon 
which we grow com for our own horses. 

With regard to cropping the sewage fftrm, our past experience 
has been very yaried. Some years we haye been able to show a fair 
profit, but last year's superabundant produce caused our crops to 
be almost giyen away, entailing a deficit 

The sewage as it enters the works passes through a series of 
screens, the first being hoist-screens worked by a hand crab in 
duplicate. These were recommended by Mr. Law, Engineer to 
Madame de Falbe, as preferable to the original design, yiz., a fixed 
grating at an angle of 60 degrees ; we have, however, found it 
necessary to supplement these hoists by putting fixed screens to 
each tank before passing the sewage to the pumps. 

We have three old storage tanks, in which we can receive and 
bold if necessary, about 700,000 gallons, which are used to hold 
the night flow. The tanks are connected with a well 9 feet 
diameter, and 14 feet deep, in the new engine-house, into which 
the 18-inch suction-pipes of the new pumps are carried. 

The boiler-power we have now is equal to 130 horse-power, 
viz., one old 30 horse-power Lancashire boiler, 26 feet by 6 feet 
6 inches, and two new 50 horse-power boilers, 30 feet by 7 feet, 
steel plated, having Galloway tubes, and the most recent improve- 
ments. The new engines are 100 horse-power, coupled, hori- 
zontal, rotating, high-pressure condensing engines, fitted with 
Meyer's variable expansion slide-valves, and Porter's patent 
governors. The pumps are 19^ inches diameter, of the horizontal 
double-acting type, fitted with metallic bucket-rings and circular 
double-beat valves with guttapercha beats, stroke, 3 feet, working 
at 16 revolutions per minute. The whole of the new plant is 
capable of raising 1^ million gallons of sewage per day of 12 hours, 
200 feet high. 
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We haye made a few tests of coal consumption, before the 
covering of the boilers and pipes was effected, and found the cost 
as follows, taking twenty days working on the yarions leyels, viz. : 

3 days on the 125 feet 
15 diiye „ 70 „ 

5 days „ 42 ,» 

20 



The ayerage of coal used was 89 cwt. per day, say two tons. 
The average number of gallons pumped per day, as registered by 
the recorder, was 1,075,000, showing a cost of one farthing per 
thousand gallons, taking coal at lis. per ton on the works. Taking 
the consumption of fuel for two days, pumping to the highest lift 
(184 feet), the coal used was 3 tons 17 cwt., and the volume of 
sewage lifted 1,210,000 gallons per day, costing seven -sixteenths of 
a penny per 1000 gallons. The coal used is Blackwell slack, 
supplied direct from the pit. 

The whole of the new machinery has been designed and executed, 
I think in a very excellent and highly creditable manner, by Messrs. 
Hay ward, Tyler, and Howards, of Whitecross Street, London, and 
Luton ; the contract for the whole was 2760Z., which with a few 
items of extras will possibly bring up the amount in round figures 
to 3000/, 

The result of the working from the 81st May, 1887, to the 
present time has been very satisfactory, and has placed the town of 
Luton in a position of independence, as regards the disposal of the 
entire sewage of Luton without an outlet to the river Lea, which 
it has never previously occupied. 

Our dry-weather flow of sewage for 24 hours is 820,521 gallons : 
during the wet weather the flow is more than doubla 

Our old engines when put into repair will be equal to raising 
800,000 gallons in 12 hours in addition to the new plant ; we shall 
then have power to lift 2^ million gallons in that tima The 
Town water-supply equals 750,000 gallons per day. 

A few months ago we had two thousand or more cubic yards of 
sludge about the pumping station ; but, thanks to the dry season 
and neighbouring farmers, it has all been removed, never more to 
jeopardise the health of the neighbourhood. The sludge is now daily 
pumped with sewage on to the new farm a mile distant from the 
town. 
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At the request of the Town Council, the whole of this work was 
designed and carried ont by the writer of this paper, with the 
exception of the machinery, the design for which was the result of 
a competition. 

The engine-honse, boiler-house, shaft and other new buildings 
are not. embellished architecturally, but are, we consider, sufficient 
for the purpose required; the cost of the whole amounted to 
21787. We haye been able to keep within our estimate of 2U,000Z. 
and the result so far as we are able to judge at present is quite 
satisfactory. 

The Association may haye yiewed more scientific work as regards 
the construction of the tanks and conduits, but we claim to haye 
good reasons for not going to a larger outlay, owing to the 
distance of the farm from the town and riyer, particularly, as we 
are blessed with a splendid chalk base of a possible depth (as has 
been stated by geologists) of three hundred or more feet. 

I am extremely pleased to haye the honour of your yisit here to- 
day, and certainly should not haye presumed to inyite you had not 
our esteemed President urged the advisability of the meeting of 
to-day, 

DISCUSSION. 

The President : We are, I am sure, yery much obliged to Mr, 
Leete for the interesting paper which he has read to us ; but I 
think it would be rather difficult for the members of the Association 
to enter into any discussion thereon till after they haye seen the 
works. Perhaps, the Mayor, howeyer, may like to say a few words 
on points not touched upon by Mr. Leete ; and we may hear 
something too from the gentleman through whom, practically, 
Luton has been induced to carry out the works that haye produced 
the present high state of efficiency in regard to sanitary ajQTairs — a 
gentleman who may be looked on also as the High Police Commis- 
sioner of the Lea — I mean Major Flower. We all know that 
gentleman. He appears at almost eyery inquiry where works are 
to be carried out in the water-basin of the Lea. The purity of 
the Lea is of pre-eminent importance to the residents of London, 
and it is to Major Flower that the yarious towns on its banks haye 
to look for some little mercies in getting time to carry out works 
such as we are about to see to-day. I belieye that Major Flower 
will tell us that he is perfectly satisfied with what has been done 



Digitized by 



Google 



92 DISOXTSSION. 

by the Anthorities of Lnton. We shall see what a town may and 
can do when prompted, and in some measure compelled, by snch 
gentlemen as Major Flower, to undertake sewerage works, and 
where it is so fitvonrably sitnated, and has a sub-soil so suitable for 
a sewage farm that it can carry out to a perfect state the purifica- 
tion of the sewage of the town. 

The Mayor of Luton : Allow me to say, as the representative 
of our Corporation, that it affords us very great pleasure to welcome 
so distinguished a company to listen to the paper read, and to view 
the works with which more particularly it deeJs. In the presence 
of gentlemen skilled in all that pertains to sewage works, it would 
ill-become me to enter upon details ; but I may say that from the 
first inception of this scheme success has attended the work. The 
purchase of the land and the various proposals incident to the 
enterprise, with all its intricate matters of detail, and everything 
connected with the scheme, seemed to favour us. After secmring 
the land, the fact that we had a resident firm of engineers to compete 
with others for the production of the engines, pumps, &c., at the 
works, and that we had on the Council gentlemen of considerable 
experience in such work, especially the esteemed Chairman of the 
sewage works (Alderman Higgins) who since the year 1850 had 
had this whole matter under his notice, and had rendered very 
valuable service as a member of the Local Board of Health imme- 
diately after the adoption of the Act which entrusted us with the 
power of local government, all operated to secure the success of the 
undertaking. The providing of the requisite materials was also on 
favourable terms, tiie iron mains being procured when iron was 
at its lowest price. The works will best speak for themselves when 
inspected by the Association. From the first it has been the aim 
of the Council, while studying the strictest economy, to fulfil our 
obhgations to the lady of the manor and the Conservators of the 
Lea, by whom we have been most carefully watched. 

Major Floweb (Engineer of the Lea Conservancy Board) : 
It gives me very great pleasure to be here to-day to see so many 
men of practical knowledge at this place, which I call my pet town. 
It was in 1871 that I took charge of the Lea watershed, under 
the Lea Conservancy Act of 1868. By a certain special clause 
in that Act, obtained at some cost by the town of Luton, and 
referred to by Mr. Leete in his paper, the authorities retained 
the power to discharge their sewage into the Lea after treatment 
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by the best known process. The same clause affects Hertford^ 
Tottenham, and the Borongh of West Ham. The latter town 
is supposed to bring its effluent up to the condition required 
of Luton, and it is the same at Hertford and Tottenham. 
After considerable experience — and I am sure that most of you 
will agree with me— I have come to the conclusion that land 
is tho only absolute purifier of sewage-matter up to a point 
making it fit to discharge into a river out of which people 
draw their drinking-water. I have very great respect for many 
chemical processes, because there are many places where a suffi- 
ciently good result is obtained thereby. Nobody dreams of being 
able to do all that is reasonably required of the British ratepayer 
by chemical treatment, when the effluent is to go into a stream from 
which drinking-water is drawn. Chemical processes and adequate 
filtration, or by flowing over land will do in many places, but they 
will not meet the exceedingly complex circumstances which 
obtain in others. At Luton, for a time, chemical treatment, 
supplemented by filtration on a small area of land, was suffi- 
cient; but ultimately Luton sewage became so loaded with 
chemicals and dyeing refuse as to render it exceedingly difficult of 
treatment ; and chemical processes, which in other towns might 
be sufficient, had no effect whatever on the sewage of Luton. I 
feel that I should be hardly doing my duty as an official if I did 
not say here how pleased those whom I have the honour to serve 
are with the honourable and thoroughly English way in which 
Luton has met the necessities of its position. My Board is 
exceedingly pleased, and I know tbat I am not going beyond my 
duty here in thanking you, Mr. Mayor, with Alderman Higgins, 
who has worked so hard in this matter, and other gentlemen 
connected with the borough, for the result, and I am satisfied that 
my friends here, the municipal surveyors and sanitary engineers, 
wUl be pleased to give their approval to it. 

After visiting the works, the Members returned to the Town 
Hall, and the President called upon Mr. Ellice-Glark to continue 
the discussion. 

Mr. Ellice-Glabk: Mr. Gordon, in calling upon me to continue the 
discussion has made a great mistake ; for I was only remarking to him 
this afternoon that although I have held office for twenty years as 
a municipal engineer, the question of the disposal of sewage in an 
inland town has never been reported on or treated by myself, and 
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therefore I feel incompetent to criticise or to praise. But my posi- 
tion may haye a few adyantages, in so far that I am not prejudiced 
in fiEiYOur of any particular method of sewage disposal Certainly 
the works which we haye seen to-day are to my mind exceedingly 
ingenious and well-designed, and, as far as can be seen at the 
present time, they do their duty most effectually. But I should 
be wrong if I did not, as we are asked to discuss matters fully and 
freely, convey to you the impression that is left on my mind after 
haying seen your works. We saw a sewage farm, and we saw 
sewage tanks, but we did not see what people generally like to 
see, and usually see first, at sewage works, namely, the effluent. I 
was telling Mr. Gbrdon on the hill-side, that it reminded me yery 
much of Constable, the great painter, when he produced one of his 
remarkable pictures. The standard of taste had always led the 
critics of those days to look for a brown tree in a picture, and 
none was considered perfect without it. The Suffolk artist pro- 
duced a picture, but they looked in vain for a brown tree, and a 
critic said to him, " Very pretty, young man, very pretty ; but 
where's your brown tree?'* Now, I ask, "Where is the Luton 
effluent ? " I am bound to say that I think in a few years' time 
if you cannot see it, some one will find it out for you. An 
arrangement very similar to this has come under my own obser- 
vation in the county of Sussex, where the sewage of a small 
village is discharged in a valley of the chalk downs, very like 
where we have been to-day. A quantity of water lies in a large 
pool during the winter, half a mile from the sea. It is stopped 
by the railway embankment, and never reaches the sea, yet it 
forms a stream underground, and other people know what becomes 
of it ; and, I believe, from what I have seen to day, tliat your 
works may go on for some time— for some years — possibly for this 
generation — but depend upon it, some day or other, you will have 
to deal with an effluent. 

Mr. W. Saivto Crimp: I am sorry, Mr. President, that you 
have called upon me to say anything in regard to this question, 
because I may say that I differ entirely from Mr. Clark when he 
says that some day or other Luton will have trouble with an 
effluent. I think that the finest thing in connection with a sewage 
fiEum is to have no drains and no effluent The two banes of a 
sewage &rm are subsoil drainage and an effluent, and at Luton 
you have neither; and I think the day is far distant when you 
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will find necessity for either. If snch a time comes, then your 
troubles will begin. Till then you may enjoy the advantages 
arising from a very excellent system indeed of sewage disposal. 

Mr. G. Jones : I am very pleased to be present, and to have 
heard what has been said by Mr. dark and Mr. Crimp. I think 
perhaps, they are both right, and probably both wrong. But, to 
touch upon the works, which I take to be the great thing to refer 
to, I must say that I haye enjoyed exceedingly my yisit to them, 
lliey convey to us a scheme well thought out, well manipulated, 
well carried to a finish ; I remember being in a Hertfordshire tovm 
when there was talk of a drainage system, and the clerk of the 
Authority said he did not see the use of it, for there was a cesspool 
in his garden, which was there in his father's and his grandfiftther's 
time ; for ninety years it had never been emptied, and there was 
nothing whatever in ib I said to him, ^' How about your neigh- 
bours down below, they must have the benefit of it." " Well," he said, 
" perhaps they do, but they seem to thrive very much on it" If in 
the chalk slope there be crevices through which any of the sewage 
may find its way to the stream, I am sure we shall all wish that to 
whomsoever it comes they may thrive upon it. It has been a great 
pleasure to me to see these works, for they are unique, and I think our 
Association may take some credit in regard to them, as your esteemed 
Surveyor has been one of its most regular and attentive members at 
the various meetings held since he joined us. In the ' Proceedings ' 
published this year» and issued a fortnight ago, the engineer of one 
of the largest towns in England makes a note to this effect, that 
Town Councils knew little of the loss they sustained by their 
engineers and surveyors not belonging to this Association ; and if 
he had his will he would distinctly insist on every municipal engi- 
neer belonging to it, for there be would get information which 
could only be obtained by the expenditure of large sums of money 
in fees to men who knew Uttle or nothing about the physical 
characteristics of their districts. We can take credit to our- 
selves that your Surveyor has been with us, and has made use 
of his eyes. You all know the story of eyes and no eyes — one went 
through the streets and lanes and saw nothing, the other passing 
along saw a great deal Your Surveyor has been with us, and 
what he has seen he has brought home with him and improved 
upon ; because he has seen nothing exactly like your works, but 
he has produced and carried out a scheme adapted to your condi- 
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tions, which is an honour to him and to you as the Town 
GonnciL 

Mr. J. P. Babbeb: This is the first meeting of the 
Association that I have been able to attend ; for, as a gentleman 
remarked just before the meeting commenced, I was one of the 
class whom the Association fought shy of, and kept out for 
years. I have had great pleasure in listening to the paper read by 
Mr. Leete. A large portion of my time when I was under 
articles, was spent about sewerage works. Many of the Local Board 
districts about Manchester were drained by the sanitary engineer 
under whom I had the honour to serve, and in that way I contrived 
to pick up some information and a good deal of experience ; and I 
am glad that the surveyors or engineers of those Boards were not 
like the Surveyor of Luton. Either they could not or did not 
produce schemes for the drainage of their districts ; but Luton has 
been fortunate in possessing a borough surveyor and engineer 
capable of designing a drainage scheme without having to call in 
any consulting engineer like the gentleman to whom I was articled, 
and being put to that expense. The system which we have seen to- 
day is, while unique, very successful. I was struck with the 
sewage farm itself—the nature of the soil and its position. It 
appears to me that Luton could not have secured a sewage farm in 
a more &vourable situation. I have seen many, but I do not 
remember one so suitable— away from the town, having a natural 
fall, soil porous and open, and exposed freely to the action of 
air, sunshine, and wind, so that the soil is not likely to become 
clogged with sewage matter, as is experienced in many places. 
The soil will be almost self-cleaning under the action of the atmo- 
sphere, wind, and sun, and it must be almost impossible to have any 
smell from it. The land seems rather poor, so that there can be 
no difficulty in disposing of the sludge, for it can be placed on the 
surface and ploughed in, making the soil the richer. These were 
my thoughts as I passed over the farm, and the visit has affi)rded 
me a great amount of pleasure and information. 

Mr. Lewis Angell : my words shall be very few, and those in 
commendation of the works we have seen to-day. The Mayor has 
said that Luton has been fortunate in every phase of its operations 
when carrying out this scheme, and I think the town and the 
authorities have been indeed fortunate throughout ; for what we 
have seen to-day is I think the perfectibn of simplicity. *' Unique " 
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is an expressive description which has been used, and I think that 
I have never seen sewage got rid of so very easily and so cheaply. 
Luton is at the head of the river Lea, and I represent the district 
at the tail. We were the head and tail of the offending, but while 
Luton has now taken itself out of the category, we at West Ham 
have not being able to get out of the difficulty so easily. We 
are unfortunately condemned to chemicals. I congratulate you on 
haying got rid of wretched chemicals, which are costly and unsatis- 
factory. But while Luton increased by thousands, West Ham 
mcreased by tens of thousands, and our position is a very remarkable 
and onerous one. I congratulate Mr. Leete on having in the 
inception of this scheme struck out such a very original course. 
He has been more fortunate than I was in a case elsewhere. Li a 
Kentish town I proposed that the drainage should be carried to the 
chalk in a similar way, but it was influentially opposed. The 
€k)vemment Inspector feared the sewage must find its way through 
crevices in the chalk, and pass to the basin of the watershed, 
scientific evidence was given agaiost it, and I had to abandon the 
scheme. In Luton you have not met such opposition. Mr. EUice- 
Clark has significanUy inquired, what becomes of the effluent ? and 
thinks that it will by and by appear. But I don't think you need 
trouble. I have heard that the water about here is rather hard, and 
that the wells are not very far off. Well, possibly it may be found 
that there is a softening process going on, and the water will 
become as soft as can be desired. I am pleased to bear testimony to 
the great skill which your borough surveyor has displayed, and to 
congratulate Luton on having got rid of the great difficulty from 
which most towns are suffering. Fifteen or eighteen years ago I 
came here to see what you were doing, and found large tanks and a 
precipitation process in operation, Mr. Higgins being tiien Chairman 
of the Local Board, and I am very pleased to have repeated my 
visit under the very favourable circumstances of to-day. 

The Fbesident: Mr. Jones has told you he thinks that our 
Association may take credit for having something to do with the 
inception of these works, seeing that your surveyor has been a very 
attentive member ; and I think that probably he will tell you that 
he has benefited to some extent through being a member and 
attending the Association meetings. But I take credit to myself 
for having pressed upon Mr. Leete this visit, in order that such 
unique works as these should not be lost to our Association, and the 
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published proceedings which we issae annnally. When I came here 
recently and saw these works, it occurred to me at once that there 
were here a set of works which we should have great difficulty in 
finding elsewhere, for their simplicity as well as uniquene8& On 
that account I pressed on Mr. Leete the usefulness of the Assoda- 
tion holding a meeting here. I should have been yery pleased to 
have seen a larger number present, especially of members from 
places of similar size, because I think they would have learned much 
from what has been done here by Mr. Leete. The simplicity of 
the works is very remarkable. It would be somewhat difficult 
for Mr. Leete to show the elaborateness of detail which we 
are accustomed to find in larger works, and on that account I 
think that his communication is exceedingly valuable to the Asso- 
ciation, and to other towns similarly situated to Luton. There 
may not be many so &vourably placed, in regard to the general 
conformation of the district and subsoil, for getting rid of their 
sewage, but still the works are suggestive and usefdL So &x back 
as 1858 Luton secured an undoubtedly valuable right not conferred 
by the Public Health Act, in being able to turn its sewage matter 
after chemical treatment into the Lea. At that time Higgs' treat- 
ment was thought to be the best purifying process by precipitation, 
although up to now no chemical system has been discovered which 
would produce a good effluent, such as ought to go into a river 
like the Lea from which water was drawn for the supply of London. 
You have had a most valuable right and might have fought it pro- 
bably a little more than you have done ; but, as has been said, Miajor 
Flower was constantly on the watch, and through ingenious 
members of the CouncU, and the industry of your Borough Sur- 
veyor, you have hit upon the best solution tiiat there is to be 
found. Mr. Leete told us you endeavoured to devise a scheme 
which could be worked by gravitation lower down the valley, but 
he did not explain how it was that it could not be carried out. 
Of course, wherever an outfall can be obtained by gravitation it is 
much to be preferred. You then had a lime process, and I should 
have liked to hear the quantity per gallon used. Hille's process 
was tried, and he told us it failed as it has done elsewhere, and 
then you had Hanson's black ash, with the same disappointing 
results. You have gone through precisely the same course as 
nearly all other towns which have had chemical processes for a 
much longer period than Luton, and tell the same story. You 



Digitized by 



Google 



BISOUSBION. 09 

cannot by chemical process purify sewage so as to render it fit to 
flow into a stream from which a water-supply is drawn, nnless the 
stream is a very large one indeed in comparison to the volume of 
effluent to be put into it. Mr. Ellice-Olark expresses some fear of 
the effluent beong found out. Probably he means that it may make 
its way into the Lea, and that wells sxmk in the chalk lower down 
the v^ey may ultimately show some chemical traces of your 
sewage. On looking at the scheme, that idea would naturally 
arise ; but I think under your circumstances it will only occur at 
a very remote period, and that the subsoil of chalk must become 
saturated to a very large extent before any impure water can be 
chemically traced in the Lea. Probably some twenty or thirty 
years hence there may be an effluent perceived, but even then the 
sewage will have passed through such a quantity of chalk that the 
impurity remaining will be infinitesimal, and never found in the Lea. 
I think, therefore, that you need not have much fear on that head. 
Still the quantity of land you have is phenomenally small, so that 
some day the contingency referred to may occur. You have in all 
93 acres at Luton for a population of 80,000 ; whereas it is laid 
down as a general rule that you should have 1 acre for every 100. 
Under ordinary circumstances, therefore, you would have needed 
800 acres. But discussion has explained your different position. 
Li the nature of the soil with its base of chalk lies your salvation. 
I feel sure that Mr. Leete will tell you that he felt confidence in 
designing this scheme and recommending it to you from having 
come in contact with other surveyors belonging to this Associa- 
tion, and in visiting other works. I want to impress that on 
aU our surveyors, and corporate authorities. I am glad that the 
G)rporation of Luton have recognised the usefulness of our Asso- 
ciation by assembling here in such numbers to meet us. I am 
perfectly certain that if the Town Councils and Local Boards 
throughout the kingdom would evince the same appreciation of 
its work they would reap immense benefit in the larger character 
of the works their Surveyors would be able to undertake, without 
having to call in consulting engmeera Surveyors would be better 
able to advise local authorities from the greater knowledge of sanitary 
matters which they would gain by being members of the Association. 
I congratulate Luton and its Corporation on having brought to a 
happy completion such unique and successful works. It is a 
pleasure to us to see that Mr. Leete's skilful services are valued ,by 
the Corporation, and I am sure that nothing which we have seen : 

H 2 



Digitized by 



Google 



100 DISCUSSION. 

to-day or have said by way of criticism — ^and we do not meet 
simply to compliment each other — ^will in any way detract from the 
esteem and appreciation with which you regard yonr Borough 
Surveyor. As an Association we haye very great pleasure in being 
here, and in helping, if we can help, such a gentleman as your 
Surveyor. 

Mr. Leetb : Words fail me entirely to express my feelings, in 
returning thanks for the profusion of kind words which have been 
made use of in regard to the designing and carrying out of the 
scheme which the Town Council have done me the honour of 
entrusting to my care. When fibrst asked to undertake the work I 
felt that it was a very great task ; but by dose observation and 
application to the work, coupled with the knowledge gained, as Mr. 
Jones and the President have said, by visiting various sewage works 
in the country, and attending the Association meetings, I have been 
established in the course which has been followed, and feel perfect 
confidence in its success. It is a very great satisfaction to me that 
gentlemen of the professional standing of those who have spoken to- 
day should have given such unqualified praise to a scheme devised and 
executed by one so humble as myselt I can only say that I have 
done all I could to make it a success, and I hope and beheve it will 
work out so in the fature. As to a gravitation scheme, we did 
not adopt one because we should have had to take the sewage a very 
considerable distance below the Luton Hoo Park at the foot of the 
town, nor could we find suitable ground, as it rises very suddenly 
from the stream, and would have involved pumping even if we 
had gone five or six miles away; moreover, we found soil better 
adapted for the purpose nearer home. Out there in the valley 
the soil was of close clay, and less absorbent than the land 
which has been obtained. I am much obliged to the gentlemen 
who have spoken. For myself, I am more accustomed to working 
than speaking, and 1 hope you will pardon my feeble response. I 
am grateful to the members of the Association who have thought 
it worth while to inspect the Luton Sewage Works, and also for 
the attendance of so many of the Town Council to listen to their 
observations. 

The Members and visitors drove in carriages to the Pumping 
Station^ where they inspected the engines and pumps, settling-tanks 
screens and other arrangements. They then proceeded to the Sewage 
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Farm, where they highly commended the irrigation scheme f(yr Ua 
simplicity and effectiveness. A visit was also made to the Water- 
works to inspect the pumping engines, and on the retum'joumey 
the visitors were shown over the Manufactory of Messrs. Carruthers 
Brothers, where the various processes in the manufacture of straw 
amdfelt bonnets and hats were shown. The programme included 
a vM to the Dye Works of Messrs. Lye and Sons, hut time did 
not permit of this being done. On returning to the Town Hall, 
the Members and Visitors were hospitahly entertained at luncheon 
by the Mayor. Among other toasts the Mayor proposed ** The Asso- 
ciation of Mvmcipal and Sanitary Engineers and Surveyors,** 
expressing his high sense of the value of the organisation. 

Mr. Gordon, in response, pointed out that its object was to 
promote amongst the Members the highest skill and greatest 
experience, so that they might carry out in the best way the 
important works entrusted to their charge without having tocoMin 
so often consulting engineers. Examinations had been instituted by 
the Association, which were conducted by examiners of the highest 
qualificaiions, and the certificates granted were guarantees of the 
competency of their holders. He acknowledged the appreciation 
of the Association shown by Corporations and Local Boards, and 
especially recognised the attention and hospitality shown them at 
Luton. 



Pabtioulabs of the pumping MACHINERY FURNiaHED by Messbs. 
Haywabd Tyleb and Co. fob the CobpobatIon of the Town of 
LUTON, Bedfobdshibe, fob baisinq SEWAGE WATER, thtjb : 

Steam Cylinder 33 in. diam. S6 in. stroke. 

SewCMeFumpe 19} in. ,. 36 in. „ 

Air PumjiB 12 in. „ 86 in. „ 

Fly Wheel 12 ft. „ 18 in. width. 

Rising Main 18 in. „ 2000 yards. 

Suction 18 in. „ in all 215 ft lift 

AirVesseil 36 in. „ x 15 ft. long. 

Vacuum Vessel.. 16 in. „ x 10 ft „ 

Engines fitted with steam jacketed cylinder, mahogi^ny lagging and brass 
bands, Porter's governors, Meyer's expansion gear, Harding's speed counter, steel 
crank shaft, steel connecting rods, steel straps, gibs and cotters, steel crank pins 
and cross bead pins, steel piston rods and cotters, steel piston rings, steam 
cylinders lined with hard cast-iron. 

Sewage Pumps fitted with hard cast-iron liners, C. I. buckets and hand brass 
bucket rings, C 1. double beat valves and seats, steel pump bucket rods and 
cotters, and with Nipperman's air-charging apparatus. 
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AtT'Pwnp Condenser^ fitted with hard gnn-metal liners, bncketB, and rings, 
steel bucket rodfl, sheathed with hard brass, rubber diso yalves, gun-metal valve 
seats, gim-metal guards and nuts. 

Vaeuum, 25 to 27 in. 

Speed of Engines — minimum 14, maximum 24 revolutions per minute. 

Steam Pressure — ^minimum 30 lbs., maximum 70 lbs. per square in. 

Various lifts for engine and pumps are 80, 55, 85, 140, 160, 180, 200, and 215 
feet 

Approximate total weight less rising main, 100 tons. 
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DISTRICT MEETING AT MAIDSTONE.- 

March 17, 1888. 

Hdd in the Cotmeil Chamber, Town EaUy Maidstone. 
Mr. J. GoBDON, Preeidenty in the Chadr. 

4*- 

The Mayor (B. WatermaD, Esq.) opened the proceedings by 
cordially welcoming the Association to Maidstone. 

The President haying suitably replied, Mr. 0. C. Bobson was 
re-elected Honorary Secretary for the Home Gonnties District 

The following paper was then read and discnssed. 

A EEVIEW OF THE SANITARY AND OTHER 
IMPROVEMENTS IN THE BOROUGH OP 
MAIDSTONE DURING THE LAST TEN 
YEARS. 

Bx FRANCIS C. J. MAT, Assoc. M. Inst. O.E., 

BOBOUaH SUBYBYOS. 

I AM going a little out of the beaten track of the papers nsnally 
prepared for these Meetings by first recounting in a short and 
concise way a few of the historical facta connected with the borough 
of Maidstone in early times. Through them I shall lead up to the 
period which the paper is more particularly to describe. I believe 
that as these &cts are of general interest they will not be considered 
out of place in that which is intended to be in other respects a 
thoroughly practical paper, and therefore I trust they will not be 
unacceptable to the Association. They will be confined principally 
to those features of the condition of the borough in ancient times 
which in some way or other are allied to the various important 
works carried out during the last decade. 
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Bridges. 

Before the year 1871 there was but one bridge over the river 
Medway within the borough boundary. The first is said to have 
been constructed of timber. It was replaced in the fourteenth 
century by a stone bridge, 11 feet wide only between the parapets. 
Subsequently it was widened to 19 feet, but the date of this work 
is uncertain. In the year 1808 the width was again increased to 
nearly 27 feet, and the waterway was confined within five arches 
instead of seven as before. This bridge, in its turn, was superseded 
by the present handsome structure in the years 1879-^0. 

Charters 

The first charter of incorporation was granted by Edward VI., 
and is dated July 4, 1548. There have been five several charters 
granted since, the last being dated June 17, 1747. 

Bye-law. 

Some of the bye-laws passed by the Town Council in Elizabeth's 
reign appear to us very amusing, but one at least might be very 
useful even in these days : it decreed that every young man ** that 
liveth idly in the town" was to pay 6d, (equal to lOs. at the 
present time) to the Corporation for ^very day '* he should be 
found idle and not usmg his art " ; and if on conviction the money 
be not forthcoming, he was '^ to be imprisoned by the Mayor until 
he should reform himself." The same bye-law applied to "un- 
married women under the age of forty years who were out of 
service." This, I think^ may be considered a veritable model bye- 
law. 

Sanitary Condition, 1572 to 1770. 

The sanitary condition of the borough in 1572 may be gathered 
from the following description : * ^' At one time a surgeon and his 
family occupied the ground floor of a moderately sized house, 
another family the second floor, while a tailor and his wife lived in 
the upper storey. The poor inhabitants, to eke out a subsistence, 
kept pigs, which were allowed to roam at large in the daytima 
In High Street, Week Street, Gabriel's Hill, and Bullock Lane 
there were deep foul gutters into which the pigs turned with 

* See History of Maidstone, by J. M. Rossell, p. 223. 
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avidity, and amoDg the garbage and other refuse deposited therein 
found a ready means of appeasing their hunger." This state of 
things continued till nearly 1770. Under such conditions the in- 
habitants were exposed in an aggravated degree to the ravages of 
the worst forms of contagious diseases. The plague frequently 
visited Maidstone, and it suffered from numerous outbreaks of 
small-pox. 

KiVER Mbdway. 

The traffic of the river Medway has always been a great benefit 
to Maidstone and the neighbourhood, but before the water was 
** penned " up the movement of vessels depended upon the state of 
the tide. In 1628, the first Act of Parliament was passed for 
improving the condition of the river. A second Act was passed by 
the Parliament of 1661^, giving power to erect locks on the 
Medway, and to deepen it and construct a towing-path or horse- 
way. Other Acts have been passed since for similar purposes. 
The Mayor in former times was the conservator of the river, but 
its management is now vested by Acts of Parliament in two 
companies. The Upper Navigation Company has jurisdiction 
above, and the Lower Navigation Company below, Maidstone. 
That eminent engineer. Sir William Cubitt, on being consulted upon 
some proposed alterations, spoke of the canalising of the Medway 
as a very fine piece of inland navigation engineering. The juris- 
diction of the two companies extends from Tonbridge to the Thames 
at Sheerness, a distance of fifty-four miles. 

Street Paving. 

In the last decade of the eighteenth century the inhabitants 
undertook to pave the town. A contemporary writer called the 
condition of the streets '* scandalous'^ A committee was appointed 
in 1790 to obtain an estimate of the cost of the proposed improve- 
ment, and on January 17, 1791, the Mayor convened a meeting to 
hear and take into consideration the report of the committee. The 
cost of paving the principal streets with Kentish rag and Yorkshire 
stones, carrying drains through them and fixing up lamps, was 
estimated at 9000Z., and the interest thereon, together with the 
outlay for watchmen, the lighting of the lamps and the repair of 
the pavements, would, it was reported, amount to 750Z. a year. To 
meet this expenditure it was proposed to levy a rate of \s. Qd, in 
the pound on all householders, half to be paid by the landlord and 
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half by the tenant. These propositions were embodied in the 
Maidstone Paving Bill, which was introduced into ParUament, and 
received the royal assent June 1791. ** Commissioners of Pave- 
ments " were appointed to carry out the provisions of the Act, who 
continued to exercise their fdnctions till 1866, when their duties 
were transferred to the Mayor and Oorporation as the authority to 
carry out the Public Health Act, 1858. 

Water Supply. 

In Elizabeth's reign the inhabitants obtained their chief supply 
of water firom an excellent and copious spring at Bocky Hill, wUdi 
was conveyed in pipes across the Medway to conduits in High 
Street In 1819 the Commissioners of Pavements increased the 
supply, made larger reservoirs, and laid down new pipes, transmit- 
ting 30,000 gallons daily to seventeen public conduits. 

Town Hall. 

The Town Hall was used for the County Assizes as well as the 
Borough Sessions; and the gaol in King Street also served the 
same double purpose, but being found inadequate and unsuitable 
for these purposes, a county gaol was commenced in 1812 and 
built at a cost of 191,000Z. In 1827 the Assize Court in front of 
the new prison was completed at a cost of 40,000Z., and opened 
for county business. The borough trials are still held at the 
Town Hall. 

Gas. 

Gas was introduced into Maidstone in 1821 by a Mr. Gosling, 
who in 1823 sold bis works to several of the inhabitants, who 
formed the Maidstone Gas Company. 

Lunatic Asylum. 

In 1832 a county lunatic asylum was built at Barming Heath, 
within the borough boundary, for 168 patients. It has from time 
to time been enlarged, so that now it has accommodation for about 
1500 patients. 

PuBLio Baths. 
In 1851 public baths were built by the Corporation at a cost of 
60002., under the provisions of the Public Baths and Wash-houses 
Act. 
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The Ghablbs Museum. 

In 1855 Mr. Charles, of Cbillington House, bequeathed to the 
town his collection of antiquities, and some of his books and 
pictures, with a request that they might be permanently preserved 
and known as '^ The Charles Museum." The Corporation grate- 
fully received the gift, and at a ratepayers' meeting the Public 
Libraries Act, 1855, was adopted. Chillington House was 
purchased by the town for the exhibition of the collection, and 
the museum was opened in January 1858. This formed the 
nucleus of what is now one of the largest, most valuable and 
interesting museums in the provinces, principally due to the gifts 
of Mr. JuUus Lucius Brenchley, a native of Maidstone, who also 
presented the very picturesque public gardens adjoining the 
mansion to the Corporation in 1872. 

Cemeteby. 

In 1858 a Burial Board was established, who purchased twenty 
acres of land about one mile south of the town, and converted the 
plot into one of the prettiest and best-kept cemeteries of the 
kingdom. AU the graveyards within the borough were then 
closed, and this work may be considered as one of the first of the 
many sanitary improvements which have been carried out. 

Watbb Supply by Company. 

In 1860 the Maidstone Waterworks Company was founded, and 
acquired an Act of Parliament to supply the town with water 
from a number of springs within a distance of two miles from the 
pumping station near Farleigh Bridge, about two miles westward 
from the town. At this time, with the exception of the water 
supplied to the pubUc conduits free, the inhabitants drew their 
water from wells, which in many cases were in dangerous proxi- 
mity to the house cesspool, and most of them during recent years 
have had to be dosed by reason of their polluted condition. 

ToviL Bbidge. 

In 1871, at a cost of 900Z., a light iron bridge for foot passen- 
gers was constructed over the Medway, opposite Tovil, a point 
about three-quarters of a mile higher up tiie river than the old 
bridge. This gave easy communication to the Tovil and Fant 



Digitized by 



Google 



108 A REVIEW OP THE flANITABY AND OTHER IMPROVBMENTB IN 

districts sitnate on the opposite sides of the river. The work cost 
but little, as the bridge was pnrchased secondhand of the authori- 
ties at Birkenhead. 

High-level Bridge. 

In 1872 a bridge for foot-passengers was constructed over the 
Medway in conjunction with the high-level bridge of the London, 
Chatham, and Dover Railway Company, about three-quarters of a 
mile below the old bridge, at a cost of 1600Z. This provided easy 
and quick communication between the north-eastern and north- 
western districts of the town. 



Maidstone New Bridqe. 

In 1874 the old bridge was reported to be in an unsafe condition. 
It was also generally acknowledged that it was totally inadequate 
to the increased and ever-increasing traffic, and that the time had 
arrived for the construction of a more commodious bridgci This is 
the first of the great improvements completed within the period to 
which my paper more particularly refers. Sir Jos. Bazalgette, C.E., 
was consulted, and acting upon instructions, designed the present 
handsome bridge. So great an undertaking naturally provoked 
much discussion. There was a divided opinion as to the relative 
merits of iron and stone as the materials of which the bridge should 
be formed. Sir Jos. Bazalgette said he had no predilection in 
favour of stone, but, after giving the subject his most careful con- 
sideration, advised that the bridge be built of stone, for the following 
reasons : — 

1. A stone bridge of three arches is cheaper than an iron bridge 
of one span. 

2. A stone bridge is stronger. 

3. A stone bridge is more durable. 

4. A stone bridge requires no expenditure for its maintenance. 

5. A stone bridge of three arches gives a greater waterway. 

6. A stone bridge in his opinion is more handsoma 

7. A stone bridge is more in harmony with the surroundings, 
more particularly the old Parish Church, the College, and the 
Archiepiscopal Palace. 

I think I may say with confidence the public are now quite 
satisfied that the Authority acted wisely in adopting Sir Jos. 
Bazalgette's design in stone. 
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The first p3e of the ne^ bridge was driven on the 24th October 
1877, and tiie bridge was opened for traffic, Augnst 6, 1879, by 
the Mayor, Alderman Ellis, at the present time chairman of our 
Drainage Committee. The bridge is formed of three arches, giving 
a dear waterway of 149 feet, or 32 feet more than the old bridge. 
It is 40 feet wide between the parapets, and is divided into a 
carriageway of 24 feet, and two foot pavements, each 8 feet wide. 
The stnicture is of Cornish granite, the spandrils and parapets 
being of Kentish rag stone, with granite pedestals, mouldings, 
string courses and coping. The carriageway is granite macadam, 
the foot pavements granite slabs seven inches thick. Mr. H. Law 
was the engineer in charge, and Mr. Yentris, now of the Strand 
Board of Works, was the resident engineer. The work was carried 
out by the late Mr. Webster. The cost, including land and buildings 
purchased, compensation paid in order to improve the approaches, 
law charges, &c., 59,468Z. Of this sum, 24,000?. was subscribed 
by the Bochester Bridge Wardens, and 35,468Z. was borrowed, for 
60 years, on town bonds, at 4 per cent. 

In the excavations some old timbers were taken from the bed of 
the river, which it was surmised formed part of the original wooden 
structure, and in the demolition of the masonry of the oldest 
portion of the stone bridge, a silver coin of Edward III. was found, 
and was regarded as a proof of the foregoing statements as to its 
antiquity. 

Sewage WoBKa 

The houses were, as a rule, drained into cesspools, by which the 
soil was completely riddled and polluted, as they had increased in 
number with the increase of the population, and by the lapse of 
time had become most foul and pestilential. The Pavement Com- 
missioners sought to minimise the evil by allowing some of the 
drainage to be connected with their storm-water drains which 
discharged into the pen of the Med way, but this in course of time 
created a serious nuisance in the river. The sanitary condition 
of the town was therefore the subject of great complaints in many 
quarters, and it was felt that an efficient and comprehensive 
system of drainage could not longer be delayed; therefore in 
1875 the Corporation, acting by the Council as the Urban 
Authority under the Public Health Act, 1875, determined to 
provide a sewerage system for the town. 

Mr. Bailey-Denton, Mr. Baldwin Latham, and Mr. Lewis Angell 
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(onr respected first President and &ther of this Association), were 
each consulted upon the question, with the result that Mr. Angell's 
scheme was adopted. Messrs. Neave & Sons were the contractors. 
The first tender was accepted in 1877, the last in 1880, and the 
work was completed in 1881. The cost was : — 

Sowers, manholes, &c 43,996 

OutfaU works 9,000 

Land (7 acres) 1,822 

Compensation, law and engineers' charges, &c 5,000 

£59,818 

As far as possible the separate system waa adopted. The 
original scheme comprised 15^ miles of sewage drains, 6^^ miles 
df surface drainage, independently of 4i miles of existing drain- 
age, which was utilized principally for surface drainage. The 
town has considerably increased since this system was completed, 
and new sewers have been constructed to the extent of about 
4 miles. New surfiace drains have also been constructed, and 
others are in contemplation to the extent of about two miles. 

We now have but very few complaints of smells emanating from 
the sewer ventilators in the surface of the streets. The system of 
sewers has been cut up into sections. As far as possible, each 
length of sewer or district section has been made to ventilate itself 
by the introduction of light iron flaps attached to the end of the 
sewer on the upper side of the manholes. By this means the 
sewer air is prevented to a great degree from passing from the 
lower to the higher levels, and so becomes almost equally dis- 
tributed, instead of culminating at the highest pomts as it used 
to do. One point of great interest on this subject is the fact 
that the liquid refuse from the Tovil Straw Paper Mills was 
admitted to the sewers in 1884 ; it contains a very large quantity 
of caustic soda, used in the boilers in which the straw and 
esparto grass are prepared, and has a perfect deodorizing effect 
upon the sewage. As it traverses the whole length of the lower 
intercepting sewer, it has rendered us good service in the matter 
of smells. I am of opinion the foulness of our sewers, such 
as there is, is mainly attributable to the foul condition of our 
house drains, many of which are but very imperfectly flushed, 
as the Authority has not yet seen its way clear to compel a supply 
of water to be laid on to every closet, and until this is done, I am 
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afraid I shall be unable to report onr system as perfect. All onr 
sewage flows by gravitation to the OutfeJl Works at AUington, 
about one mile north of the high-leyel bridge on the west side of 
the Medway. As the town is divided by the river, the sewage of 
the east side is conveyed to the west side by a siphon laid six 
feet below the bed of the river, a little north of the high-level 
bridge. The ou\&31 sewer to the works is of concrete 3 feet in 
diameter. The outfall sewer leading from the works to the tide- 
way of the Medway below Allington Lock, about one mile in 
length, is formed of concrete, egg-shaped, 5 feet by 4 feet, having a 
gradient of 1 in 1760, and forms a storage drain for the effluent 
from the tanks during the high tide. 

On reaching the outfall works the sewage is first screened. 
The screens were originally lifted by hand, but I have now 
arranged a very simple plan for lifting them by machinery. The 
milk of lime was also originally arranged to flow direct into the 
tanks; but as I found it did not become sufficiently incorporated 
with the sewage to cause any great amount of precipitation, I 
removed the lime mixer to a building near the screen chamber. 
I also erected a grinding mill in the same building, preferring not 
to slake the lime before putting it into the mixer. I now add the 
milk of lime to the sewage at the rate of one ton per 1,000,000 
gallons at the screen chamber, and I find that during its flow to 
the tanks, a distance of about 85 yards, it becomes much more 
thoroughly incorporated with the sewage, and so a greater degree 
of precipitation is promoted. There are but two precipitation 
tanks, €»ch 150 feet long, 27 feet wide, 3 feet deep, giving a 
capacity of 76,937 gallons. The system of treatment is that 
of precipitation by lime only, the effluent, as before stated, passing 
by the out£Edl sewer to the tidal part of the Medway. As the 
land was the site of an old quarry, there were large holes into 
which it was thought the liquid sludge might be pumped for an 
indefinite period, that the water would drain from it into the soil 
naturally, or could be assisted by artificial drainage if necessary. 
This tentative and crude system was considered all that was 
necessary for the moment, as some time would elapse before all 
the house connections could be made, and the delay would give 
time to ascertain what was absolutely to be done and how best 
to deal with the sewage. We continued this system as long as 
we could. Our natural holes were at last filled with wet sludge, 
and by embankments, &c., they had been increased so as to 
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enable them to hold as much as possible; the ground at last 
became sewage sodden, and percolation into the soil became 
stopped. 

In December 1885, we came to quite a dead-lock through the 
banks giving out and allowing a large quantity of the sludge to 
flow like a stream of lava down the slopes of the wood direct into 
the Medway. It then became necessary to reconsider the whole 
question of sewage treatment. I suggested various ways to over- 
come our difficulties, and it was ultimately decided to continue 
the system of precipitation by Ume, or any other better agent, 
should one be discovered, and to deal with the wet sludge by 
pressing, hoping to dispose of the pressed sludge to farmers. 

The situation of our outfall works is peculiar. We have no 
access to it but by the river — the king's highway. The whole 
of the land plant^ with wood on the river front was a sloping 
bank almost to the edge of the river. When the works were 
constructed, the bank was excavated to a considerable depth below 
the water level for the formation of the tanks, and the ground was 
found to be so very treacherous that it was not possible to build 
the tanks as was first intended. 

Before I could enlarge the works it was necessary to level a 
considerable portion of the land above the tanks. Fortunately 
we had a favourable opportunity for doing this during^the winter 
of 1885-6, under the auspices of the Labour Belief Fund, which 
was started for the benefit of the unemployed. In 1886 my plans 
for the necessary buildings and machinery were approved at an 
estimated cost of 2200Z., which sum was to be borrowed. The 
usual inquiry was held, the plans approved by the Local Govern- 
ment Board, and the loan granted for thirty years. The build- 
ings and machinery were erected and opened for work on 
January 3rd, 1887. 

The buildings consist of press-house, boiler-house, coal and lime 
stores, lime elevating shed, and sand store. The machinery con- 
sists of two 3-feet 6-inch Drake-Muirhead sludge filter presses and 
pumping engine; one 25 horse-power Lancashire boiler; one 
donkey-pump, for feeding the boiler ; one 7 horse-power engine 
to drive lime-elevating and sludge-agitating apparatus ; one water 
tank ; and one C. I. sludge reservoir, 12 feet by 12 feet by 6 feet 
deep, holding 5000 gallons. 

The advantages claimed for the Drake-Muirhead presses are : 
Isi Simplicity and economy of working by direct-acting pumps, 
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instead of compressed air. 2nd. Bednction of the annual cost of 
working both in wear and tear of machinery, and in the renewal 
of the filtering material by the abolition of the nsual cloths. 3rd. 
Greater rapidity of filtering, whereby cakes may be turned out in 
half-an-hour, working with a pressure of 80 to 100 lbs. per square 
inch. 

As I have had numerous inquiries about these presses, and as 
our experience of upwards of a twelvemonth's working has been 
eminently satisfactory, perhaps a detailed description of them may 
be acceptable to you. They mainly consist of flanged cast-iron 
rings or frames, alternating with plain wrought-iron disca These 
discs are covered on both sides with confibre, specially prepared for 
the purpose. It does not decay rapidly even in sewage, and 
indeed seems to stand better when continually damp than when 
dry, or alternately wet and dry. The form of construction is the 
result of numerous experiments which were carried out by the 
makers before the C!orporation adopted the presses. The mats are 
attached to the discs in such a manner that they do not need any 
attention till the material is worn out. In our case the material 
has lasted upwards of twelve months, during which time the mats 
were never removed from the discs. This avoids the expense incurred 
in the frequent removal of the usual cloths for washing and repair- 
ing, the only real expense being the cost of removing the material 
when entirely worn out, which for presses Uke ours of 30 chambers 
each 3 feet internal diameter, costs lOL per press per annum. I 
ought to mention that although the mats themselves form a sufii- 
cient filtering medium, they would eventually become choked up if 
used alone, and to counteract this tendency, it is advisable to use 
some kind of sand on the surface of the mats, and further, by so 
doing the cakes leave the mats very freely when the press is 
opened. Each press is capable of turning out 11 tons per day of 
12 hours. Our presses have been working since the 3rd of 
January, 1887. We have turned out on the average about 45 tons 
pressed sludge per week, which is all we have had to deal with. 
At the present time we give away the pressed sludge. We are at 
no cost beyond the pressing, as it is taken away just as we empty 
it from the press trolleys. We hope to realise something for it 
after having ascertained its manurial value by actual use. Dr. 
Yoelcker has stated its value at from 12d. to 15d. per ton. Copies 
of his analyses will be found at the end of this paper. 

Two schemes have been suggested by a Maidstone gentleman 
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for manipnlating the preesed sludge so as to make it a valnable 
commercial commodity. They are not yet sufficiently matured to 
enable me to give you any details of them, but I may be able to 
do so at a future meeting. 

Pumps. 

The presses are supplied with sludge by means of a direct-acting 
pumping engine. This engine pumps the sludge direct from the 
sludge storage tank into the presses, without the intervention of 
compressed air, thus constituting a very simple arrangement, and 
obviating the use of receivers or morUe-Jm, with their attendant 
inconveniences, and loss of time and waste of power. Our engine is 
of the horizontal duplex type, i.e. the piston of one actuates the slide 
valve of the other, and the plungers make a sufficient pause at the 
end of each stroke to permit the pump valves to close without 
concussion. These valves are specially designed to overcome the 
difigpulties hitherto experienced in pumping sewage sludge. That 
this object has been accomplished in our case will be readily under- 
stood when I tell you that although they are fitted with movable 
covers to give ready access to the valves, yet it has not once been 
necessary to take off a single cover during the whole time they 
have been working. The pumps are of the plunger or ram type, 
which have the advantage over piston pumps, that the packing is 
outside and easily get-at-able, an important matter where gritty 
sludge has to be pumped. 

Since all the house connections have been made, and the system 
extended to deal with the increase of the population, the tanks 
have proved to be of insufficient capacity to admit of a proper 
degree of precipitation. The average daily flow of sewage in dry 
weather has been ascertained to be about 900,000 gallons. On a 
moderately wet day it has been ascertained to be nearly 1,900,000, 
so I estimate that in continual wet weather it cannot be less than 
3,000,000 gallons. These facts have led me to urge strongly upon 
the Authority the necessity of completing a perfect system of 
surface water drains as soon as possible. The two existing preci- 
pitating tanks are of course worked alternately, i.e. three days each. 
As each has a capacity of only 75,937 gallons, it is obviously im- 
possible to obtain a clear effluent. The outfall is within the juris- 
diction of a neighbouring rural sanitary authority, who have com- 
plained of the unsatisfactory quaUty of the effluent. I have there- 
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fore been instructed to prepare a scheme which will ensure a 
satisfactory effluent at the least possible cost. I prepared a scheme 
and submitted it to the Drainage Committee on tiie 15th February 
last. It is still under the consideration of the committee, but I 
have their permission to exhibit the plan and explain the scheme 
to you, as I think there may be some points of interest therein to 
you, and I should like to hear any remarks you may be pleased 
to make thereon. The chief points to be kept in mind are three : 

1st. That more perfect precipitation is needed. 

2nd* That the resultant sludge must be conveyed back to the 
presses. 

8rd. That the whole of the additions must be arranged so that 
the existing buildings and plant may be utilised with but little 
alteration. 

These points render it compulsory to lift the sewage. There is 
also a great advantage to be gained by lifting ; it will enable me 
to construct the tanks above the river level, and to reduce the 
depth of excavation. This is of exceptional importance owing to 
the peculiarly treacherous character and situation of the land. 

I propose to erect a new set of tanks for the day flow, and to 
utilise the old tanks for the night flow, which will be let out in 
the morning and lifted with the morning flow. 

There are various available ways of lifting the sewage, such as 
ordinary reciprocating pumps, centrifugal pumps, chain pumps, 
and elevatiug wheels. After giving due consideration to these 
various methods, I am of opinion that the elevating wheels offer 
the greatest advantages, taking all things into consideration — viz. 
for simplicity and cheapness so far as concerns working expenses 
and the annual wear and tear. 

The proposed elevating wheels would be of 27 feet diameter, and 
are each calculated to lift; the sewage a height of 18 feet, from 
which it will flow to the new tanks by gravitation. The power 
required to drive each wheel will not exceed six-horse nominal 
To provide this, and power for other adjoining machinery, two 
7-horsepower horizontal engines will be fixed between the wheels, 
as shown on the lowest floor of the new engine-house, to be sup- 
plied with steam from the boiler-house. Each wheel will have 
thirty-six buckets, and revolving at the rate of five revolutions per 
minute, will lift 66,000 gallons per hour or 1,584,000 gallons per 
day of twenty-four hours. 

Of the engines just mentioned one will be new, the second will 

I 2 



Digitized by 



Google 



116 A BEYIEW OF THE SANITABT AND OTHEB DCPBOYEMENTS IN 

be removed from the press-honse where a larger one will be 
required, as will be explained later on. On the same floor as these 
engines there will also be fixed two lime-mixing machines, also 
driven by these engines, from whence the milk of lime will flow to 
the sewage to become mixed and well incorporated with the sewage 
in the process of lifting. 

The second floor of the engine-house, which will be on a level 
with the land, is arranged as a lime store, in which will be placed 
a grinding mill, also worked by the engines nndemeath, and &om 
which the lime-mixers will be filled by hoppers. 

Each wheel, engine, and other machine is capable of doing the 
whole day's duty separately in dry weather, and when coupled 
together, to do all the extra work in wet weather. In the case 
also of repairs being needed, the sewage system, by this arrange- 
ment of duplicate machinery, need never be at a standstill, as is 
now the case very frequently. 

The sewage, when treated with lime and lifted by the wheel, 
will flow into an open trough or channel, in which tiiere will bo 
bafflers and a fixed screen, fitted with an automatic scraper or 
rake, on an endless chain driven by the before-mentioned engmes. 
By these means the lime and the sewage will become well mixed, 
the screen will always be kept clean, and the rake will deliver the 
solid substances into a trolley provided for the purpose. The rake 
will traverse the screen very slowly, but the speed will be capable 
of adjustment according to circumstances. 

The limed sewage will flow along a channel between two rows of 
ten tanks partly on our own land, but the greater part in Mr. 
Styles' meadow adjoining. A gate will be placed in the channel 
in a line with the end of each pair of tanks, and there will be a 
gate from the channel to each tank. By this arrangement the 
flow of sewage may be arrested or regulated so that each tank, or 
each set of tanks, will be filled in rotation or otherwise, as may be 
necessary or convenient. 

Each tank will be provided with an outlet valve and pipe for the 
effluent water, which will be drawn off from the top by means of 
floating arms, and will be conducted forwards by a drain to the 
existing outfall sewer. 

There will also be an outlet sluice valve and pipe for the preci- 
pitated sludge, which will pass into a. drain, and by gravitation 
flow backwards to the sludge reservoir under the engine-house. 

Each tank is 40 feet long, 80 feet wide, and 5 feet below the 
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inlet Its capacity is 37,500 gallons^ therefore twenty tanks give 
a total capacity of 750,000 gallons. Assuming that they are kept 
working sixteen hours per day, and are filled and emptied four 
times, allowing the sewage three hours to rest, and one hour for 
filling and drawing off and sweeping out the sludge, this will give 
a total capacity of 3,000,000 gallons per day. 

The effluent, as before mentioned, being conveyed to the outfall 
sewer, requires no further treatment. The sludge, on the contrary, 
having flowed to the sludge reservoir, where the supernatant water 
is drawn off by means of a floating arm, has to be pumped up to 
the mixing tank, en rotUe to the presses. Itis estimated that the 
quantity of sludge will be quite doubled, and you will readily 
understand that this part of the work must be done regularly, 
therefore a suitable set of sludge pumps is required. I propose to 
put a set of duplex sludge pumps in the old engine-house in the 
place of the existing pump, worked by steam direct from the large 
boilera The increase in the quanti^ of sludge will necessitate 
the erection of a third press and pump in the press-room. This 
arrangement will take away all the work of the old portable engine 
except driving the rope. 1 therefore propose to alter the line of 
the rope, and make the engine in the press-room drive it and the 
lime elevating and agitating machinery. 

As the existing 7-horsepower engine is too small to do the 
additional work required of it, and is the exact size required for 
driving an elevating wheel, I propose to transfer it to that duty, 
and to erect an S-horsepower engine in its place. The same engine 
will also work the proposed hauling gear, by which the ftdl trucks 
of sludge will be drawn from under the presses, instead of by 
manual labour as at present. 

The alterations in the lime-elevating shed, for adding lime to 
the sludge before pressing, will effect a saving of lime, and render 
the cakes more uniform in quality, by applying it in the form of 
milk of lime, instead of a dry state as is now done. 

You will, I think, further readily understand that although our 
present boiler is quite equal to provide all the steam required for 
the increase in machinery, yet it would be very unwise to depend 
upon one boiler. I therefore consider it necessary to put in 
another Lancashire boiler in the place already provided for it, say 
of 20-horsepower. As the boilers hold 5000 gallons each, it is 
necessary to provide another water tank. I have therefore arranged 
for one to be put up in the wood, above the existing one, 12 feet 
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by 12 feet by 6 feet, to hold 5000 gallons. It will be filled by 
the donkey pumps before mentioned, erected in the position of the 
existing penstock chambers, near the old engine-house. 

The contemplated alterations will lead to an increase in the con- 
fitimption of coal and lime, and in the produce of pressed sludge. 
Each of these commodities must be taken in or sent out of store by 
barges, and each from the same leyel. I therefore propose to erect 
a light iron girder bridge across the tanks to carry a tramway. At 
the end of the bridge I shall fix the crane, now erected, near the 
dock, converting it into a steam crane, by which the hme and coal 
will be hauled from the barges and run to their destination. A 
shoot will also be formed at the end of the bridge, so that the 
pressed sludge may be brought from the store, tipped into the 
shoot, and thereby easily conveyed into the barge for removal. 

The coal store will be formed by one end of the lime shed, and 
by a concrete wall bounding the high bank opposite the press- 
room, and covered with a plain galvanised iron roof. 

An office in rear of the boiler-house, and a workshop adjoining the 
sand store, &c., will complete all the alterations and additions here. 

The additional work will necessitate an increase in the working 
staff, and it will be obligatory that other men than the foreman 
should live on the premises. I therefore propose to build two 
workmen's cottages. 

The working staff should, I think, be as follows : — 

One general foreman. 

One stoker. 

Two press men. 

One man, sludge pumping, liming, &c. 

One attending to wheels, liming apparatus, &c. 

Two tank men. 
Being an increase of three men, i.e. the general foreman and 
the two tank men. 

The annual cost of maintenance will be raised from 7597., as at 
present, to 1048Z. 

The estimate of the cost of the proposed works amounts to 
84437. 2s. 6d.y exclusive of the land, as to which it has occurred 
to me to suggest that perhaps an exchange might be made of some 
of our high land in the wood for the low land in the meadow. The 
quantity of land required will not exceed two acres. 

This description has, I thmk, exhausted all the chief points 
in the alterations and additions proposed, without going into 
minute details. 
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House Befuse. 

The removal of house refuse is done by contract. The town is 
divided into two districts as nearly equal as possible, and each con- 
tractor is paid 2602., making a total of 520Z. per aunum. The 
refuse is carted to depots on the outskirts of the town, and is 
disposed of principally to formers. 

Street SoAYENOiNa, ETa 

We keep eight horses of our own to do the work of scavenging, 
watering and road repairs, but we have to hire extra horses during 
the winter months, according to the state of the weather. 



Stbeet WATEBma. 
Odam's system of street watering by jets has been well tried in 
Maidstone, but was not a success and so has been abandoned. 
Watering by hose and reel has also been tried and proved a failure. 
We are using two-wheeled water-carts holding 220 gallons each. 
BeUeving them to be more economical, I have advocated the use of 
four-wheeled vans instead of carts, and I hope to be able to have 
some this season. I saw Willacy's patent cart working at Leicester 
last summer, but formed an opinion that it is unsuitable for narrow 
streets. 

BoAD Bbpaibs. 

Our roads are mainly made up and repaired with local stones, 
Kentish rag, and surface picked or pit flints. Granite is used in all 
the principal streets where it is necessary to avoid the nuisance of 
frequent repairs and the rapid accumulation of dust or mud. It is 
also used on some of the principal thoroughfares leading to and 
from the town, where the traffic is heavy or the situation or subsoil 
is wet. In the year 1884 we borrowed 4000Z. to convert the 
carriageways of the principal streets from rag macadam to granite 
macadam. The usual inquiry was held, and a loan was granted for 
four years. Mr. John Thornhill Harrison, C.B., held the inquiry, 
and after going thoroughly into the question and walking through 
the town, expressed the opinion that it was a very wise step. We 
advertised for samples and prices of the different kinds of granite, 
which were all thoroughly examined and tested, and an Elvan stone 
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from Cornwall, called Penlee Elyan, was selected. I am of opinion 
that its wear will justify our choice. It was delivered here at 
11^. per ton machine broken ; but as I prefer hand-broken stone, 
I have this winter had it delivered in spalls at 8s. 8d. per ton, and I 
get it broken by hand for 28. per ton. Kentish rag is one of the 
oldest and one of the very best of building stones. There are 
several large quarries in the neighbourhood, which form one of the 
staple industries of Maidstone. It is a very useful stone for road 
metal, and is largely used on roads of moderate traffic, and where 
the subsoil is dry. Its use is also valuable on hills in conjunction 
with flints. Indeed, a road made of rag and flints in the proportion 
of two of rag to one of flints, will last longer and wear better than 
a road made of either material separately. 

FoOT-PAVEMENTS. 

In the earlier part of this paper I informed you that the town was 
paved in 1791. This work lasted, with annual repairs, till 1885, when, 
in consequence of long-continued complaints, it was deemed advis- 
able to repair the foot-pavement of the principal streets without 
further delay. We advertised for samples of all the various kinds 
in vogue and their prices. After careful consideration, that known 
as Stuart's patent granolithic pavement was selected. The price 
was As. per yard superficial, and 6d. per foot run extra for the 
kerbing. The estimated cost was 4280Z. The money was borrowed. 
Mr. J. T. Harrison, O.E., held the usual inquiry, saw the samples, 
and commended our choice. The loan was granted for 20 years. 
The work has been carried out most satisfactorily, and has met with 
universal commendation. Upwards of 20,000 yards superficial have 
been laid with " granolithic." Upwards of 6000 yards of pavements 
in side streets have been repaved with the best of the flagging and 
kerb taken up to make \iay for " granoUthic." More than 30,000 
feet run of channel gutters have been formed with the old 9-inch 
granite or rag kerbing, superseded by the new material After two 
years' observation of the granolithic pavement, I have no hesitation 
in recommending it to your notice as one of the cheapest and best 
known pavements. It is not slippery, and dirt or snow does not 
hang to it as to York flagging ; it also dries up much more quickly 
after rain. Our death-rate at the present time is only 13*00 per 
thousand, and our Medical Officer of Health (M. A. Adams, Esq., 
F.E.C.S.) has openly stated that in his opinion the improvement in 
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onr roads and pavemenis, by the introdaction of non-absorbont 
zoaterials and surfaces which prevent soakage into the subsoil, and 
so render the basements of bouses to be drier, is a very important 
£Eictor with other sanitary measures in producing the beneficial and 
satisfactory result by winch Maidstone has been placed in the list 
of first-class healthy towns. 



COTJBTS AND AlLETS. 

Like all old towns Maidstone has a number of courts and alleys, 
of which the dwellings are more or less dilapidated and crowded, 
the paving very rough and bad, the whole place dark, and the 
inhabitants the very poorest — hotbeda of disease and crime. The 
Authority has from time to time taken steps to compel the ovmers 
of these properties to improve them, and in 1886 determined to 
repaye and light all the courts at the public expense. They have 
since been paved (nearly 7000 yards superficial) with Bensted's 
tar concrete paving. Thirty public lamps have been erected 
therein, and are now lighted at an annual cost to the ratepayers of 
S2l. 178. 6d. This is one of the most useful social and moral 
sanitary improvements of later years. 

PuBLio Hospital. 

In 1881 steps were taken to promote the erection of a public 
'^nfectious Diseases Hospital. A suitable site, four acres in extent, 
.vas secured, one and a half mile west from the town hall, at an 
altitude of 200 feet above sea-level. The building was completed 
in 1883. It afibrds accommodation for 20 beda It is perfect 
in all respects, being constructed on the most approved and 
scientific principles. The disinfecting chamber, by Goddard and 
Massy, is heated by gas. 

Cost of Hospital. 

£ 

Site (4} acres) 900 

Building, &c 4557 

Furniture and other apparatus and fittings 573 

Total .. »• 
Annual coet of maintenance, about 500/. per annum. 
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Public Gabdens and Becbbation Gbouivbb. 

The Brenchley Gardens, presented to the town in 1872, about 
four acres in extent, are tastefully laid out and kept in good order. 
Being in the centre of the town, they are greatly patronised and 
highly appreciated. 

In 1881 eleven acres of land were acquired at Penenden Heath, 
two miles north from the town hall, by gift from the Earl of 
Bomney, lord of the manor. The plot was afterwards fenced, 
levelled, and planted at the expense of the ratepayers as a public 
recreation gromid, and is a great boon to the inhabitants. 

In 1885 nearly six acres of land on Harming Heath, two miles 
west from the town hall, were also secured as a public recreation 
ground by allotment on enclosure of the heath. This piece of 
land has also been levelled, fenced, and planted in the same way. 

SUHERFIELD EsTATE. 

In 1883 a plot of land, upwards of four acres in extent, lying 
immediately over the springs on Rocky Hill, was purchased at a 
cost of 4250Z., to prevent the possible pollution of the springs, as 
the estate had been laid out as a bcdlding estate for cottages. 
This land has hitherto been let as a market garden, but is in hand 
at the present time and will probably be devoted to the use of the 
Boys' Grammar School, in which the Corporation is largely inter- 
ested, as a cricket field. 

Cattle Mabeet. 

In 1883 the Corporation determined to remove the old fences 
and pens, and to reconstruct the cattle market in accordance with 
the plan I prepared. The fences and pens to be all of iron, and 
the pavement Bensted's tar concrete pavement. The estimated 
cost was 4800Z. The work is being carried out by sections, and 
paid for out of the market funds. 

Water. 

In 1885 the Maidstone Waterworks Company obtained an Act 
of ParUament to enlarge their undertaking, and to obtain a new 
supply of water from the chalk hills at Boarley and Cossington 
Farms, about four miles distant, from whence it flows to the town 
by gravitation. By this Act the Company has secured an abnost 
unlimited supply of remarkably pure water. 
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Gas. 

The Maidstone Oas Company has also done its duty to the town 
by keeping well to the front in adopting improvements to increase 
the quantity and quality of the gas, and to snpply it at a reason- 
able price, as will be understood when I tell you we are supplied 
with 15-candle gas at 28. 6d, per thousand cubic feet. 

Both of these companies ai*e exceptionally well managed, and 
are in an exceedingly flourishing condition. 



Statistics. 

Areft, 4576 acres. 

1881, PopnlatioD, 29,632. 

1888 „ 32,300 (estimated). 

1881, Annual Bateable Yalnes, £106,251. 
1888, „ „ „ £131.562. 

1881, No. of Houses, 5658 ; average, 5*6 persons per house. 
1888, „ „ 6558 (estimated). 

1881, Death rate, 14-19 per 1000. 
1887, „ „ 13-00 „ „ 



Increase of Population. 



1831 


15,887 


1841 


17,805 


1851 


20,801 


1861 


23,016 


1871 


26,196 


1881 


29,632 



1880, Death-rate, 18-83 per 1000 



1881 
1882 
1883 

1884 
1885 
1886 
1887 



14- 19 
17-34 
18-53 
15-69 
15-89 
17-55 
13-00 



The town is built between the— 

Low level 20 ft. above Ordnance datum. 

High „ .. 120 ft. „ 

The population resides at a mean of 70 ft. above Ordnance datum. 
Describing the borough boundary between the angles of an equilateral 
triangle, the altitude at the three points are— N.E., 251 ; S.,245 ; W., 260, above 
Ordnance datum. 



Public lamps in 1881 
» t> i» 1888 



No. 614. 
No. 596. 



Price charged by Gkui Company to the Corporation is £2 15«. S<f. per lamp per 
annum, which includes the cost of lighting, extinguishing, cleaning, and repairs. 
Average consumption of gas per lamp is 4| cubic feet per hour. 
Length of roads, nearly 40 miles. 
Area of granolithic pavements, 20,692 yds. sup. 
„ „ old foot-pavements, 11,057 n n 
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Flints broken and deliyered on the roads cost Bs. per cnbic yard. 
Kentish rag stone costs about 2«. dd, per cabic yard in quarry. 

n n n w 1». n n for breaking. 

t> » M n 2s. n M n Carting. 



5«. 9(i Total per yaixl. 

Penlee Elvan stone costs 80. Sd. per ton delivered alongside wharf. 
,, ,, „ „ 6(2. I, n unloading and weighing. 

„ „ „ „ 2b. „ „ for breaking. 

»i i» II M 1«. II II II carting. 



12ir. 2d. Total per yard. 



Horse Keep. 

(2 bus. oats. 
Weekly allowance per horee :— Food | J ^g\^n"^' 

13 trusses hay (to be cut). 
I, ,f „ „ Litter 2 trusses straw. 

Nine horses cost upon an average £865 per annum. 



(Copy.) 

^* Speeijicaiion of Patent CrranolUhio Pavement^ to be laid by 
Messrs. Stuart & Co., of Church Bow, Limehouse, London, 
in the streets named in the schedule attached to this spedfr 
oation. 

"To provide all materials, water, tools, tackle, implements, 
coyerings, guards, platforms to give access to the shops, &c. 

" To provide all lighting and watching, and to take all respon- 
sibility in case of accidents or damage of any kind whatever. 

*' To excavate the gronnd, and level the same to an nniform 
depth of 6 inches below the desired finished level of the snrfece of 
the pavement.* 

" To cart away the whole of the surplus earth, and to provide 
all carting of the necessary material for the formation of the new 
pavement. 

" To provide and lay in concrete square boxes 3 inches dear 
internal measurement for all gas and water service-pipes where 
required to every house. 

** To raise or lower as the case may be, and refix to a proper 

* The Corporation undertook to lift and cart away the old flagging. 
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level all channel gutters or pipes, coal plates, area or cellar gratings, 
windows, &c, 

** To make good to all house {roni», steps, &o. 

"To provide and lay on the excavated ground a hard core 
foundation of a thickness of not less than 2^ inches, properly 
levelled and prepared to receive a Portland cement concrete bed 
ganged six to one (i. e. six parts of approved shingle to one part 
of Portland cement, weighing not less than 112 lbs. to the striked 
bushel). 

" To lay on this concrete bed not less than 1^ inch of Stuart's 
patent granolithic pavement material in the proportion of two 
parts of crushed aud prepared granite to one part of Portland 
Cement, specially manu&ctured by Stuart & Co., at their Cement 
Works, Cliffe, Kent, weighing not less than 120 lbs. to the striked 
bushel These two latter substances or thicknesses are to be laid 
simultaneously. The surface of the pavement to be properly 
indented with rollers. 

" To V groove half an inch in depth at least all crossings over the 
pavements which may be used for carriage traffic in straight lines 
or crossed to form squares. 

" To form a kerbing of patent granoUthic material eleven inches 
wide on face and nine inches in depth along the whole line of 
paving. 

'^Provide and fix iron guards to protect the kerbing at all 
comers of the pavement where required by the Borough Surveyor. 
The guards to be not less than 10 feet long, 9 inches deep, and 
1 inch thick of wrought iron set to the necessary curves. 

"^ The whole work to be done to the entire satisfaction and under 
the direction of the Borough Surveyor." 

(Copy.) 

LeUer re Analysts of Maidstone Pressed Sewage Sludge 
and Efflttent 

** October 2Qth, 1885. 

" Fbanck J. C. May, Esq., 

BOBOUOH SUBVEYOB, MAIDSTONB. 

'' Deab Sib, — ^We are sorry that our examination of the samples 
of effluent water sent by your Board is not yet complete. In 
the meantime, however, we send you the results of the analysis of 
the wet and dried sewage sludges. For the sake of comparison 
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we have given the analysis of the wet sludge, both in its natural 
state and in the dry state. 

*'From the figures it would appear that the drying of the 
sludge involves practically but very small loss of ammonia. In 
the dried state the sludge is free from objectionable smell, and 
can be readily stored and sold in a convenient form. The wet 
sludge, though remarkably dry for a merely pressed sludge, is 
not in a condition, we think, in which it would command a ready 
sale. It would, however, not be necessary to dry it to such an 
extent as has been done with the dried sample you sent, in order 
to make it in a more marketable condition and free from any 
nuisance. 

" The dried sludge we consider to be worth from 12«. to 15s. 
per ton. 

" We hope shortly to hand you full report, 

" And remain, 

« Yours faithfully, 

" Augustus Voblokbb & Sons." 



(Copy.) 
^Dv. Voelckeb'b Analysis of Pressed Sludge fbou the Maidstone Work& 

October 20th, 1885. 

Wet Sludge 

WetSladge. calculated Dried Sludge. 

dry. 

Moisture 35-97 2-85 

Organic matter, &c 17*35 2703 2561 

Phosphate of lime 1*38 2*16 2-05 

Carbonate of lime 2333 36-46 85-20 

Sulphate of lime -24 -39 103 

Lime -95 1-49 486 

Oxide of iron and alumina . . . . 3 * 47 5 *42 4 - 52 

Potash 14 -22 12 

Chloride of sodium *06 -10 *10 

Soda -21 -34 31 

Magnesia -39 '61 *59 

Insoluble silicious matter .. .. 16*51 25*79 22*76 

100-00 100-00 100-00 

Nitrogen -66 1-04 -89 

E^ual to ammonia -80 1*26 1*08 

Augustus Yoelgkes & SoNa 
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(Copy.) 
Letter cmd ^partial Analysis of Sewage by Dr. Voelcker. 

«< Deeember 19t^ 1885. 

" Francis J. 0. May, Esq. 

" Deab Snt, — We are sorry we have not been able to complete 
the analysis of the Maidstone sewage in tune for your meeting of 
Monday. 

«We may inform you, however, that the resnlts obtained at 
present are as follows: — 









Qrains per gallon. 


Total solid residue (in filtered sewage) . 






210-84 


Lime 






8-46 


Oxide of iron alumina 








Phosphoric acid 






2-24 


Soluble siUca 






4-48 


Magnesia 






202 


Chlorine 






13-51 


Sulphuric acid 






7-50 


Free ammonia 






6-30 


Albumenoid 






2-52 


Suspended matter not yet determined . 








Alkalies (potash and soda) 









*' You will observe that the sewage does not differ very greatly 
from the efflnent. 

" We will send you on the report as soon as possible. 

" We are, dear Sir, 
" Yours faithfully, 

"Augustus Voblokbb & Sons." 

(Copt.) 
Letter and Analysis of Maidstone Sewage by Dr. Voelcker. 

** December 22nd, 1885. 

"Fbanois J. 0. Mat, Esq. 

"Dear Sir, — We have pleasure to hand you herewith the result 
of a careful analysis of the sample of Maidstone sewage. 
'' The sewage contamed in an imperial gallon : 

Grains. 
55-58 



Suspended matter 

Consisting of : — 
Organic matter 
liineral matter 



43-26 
12-32 

55-58 
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^' After removal of the suspended matters the sewage contained 
in an unperial gallon : 

Grains. 
Total solid residue 210'84 

Containing : — 

Lime .. .. 8'46 

Magnesia 2*02 

Oxide of iron and alumina *99 

Phosphoric acid .. .. .. .. .. .. 1*25 

Sulphuric acid 7'50 

Chlorine 13-61 

Equal to chloride of sodium 22 '26 

Potash 10-05 

Soda 4513 

Soluble silica 4-48 

" Oxygen required to oxidise : 

Organic matter .. .. ' 25*90 

" The sewage further contained : 

Free (saline ammonia) 6*30 

Albumenoid (organic) ammonia .\ 2*52 

**The sewage was highly coloured and excessively foul. On 
comparing the results of this analysis with those of the effluent 
from the tanks analysed previously it will be noticed that there is 
remarkably little difference ; in other words, the effluent sewage 
is nearly as pollute as the raw sewage. The raw sewage con- 
tains about twenty grains more suspended matter than the effluent 
and very much more albumenoid ammonia and more phosphoric 
acid. From these remits it is apparent that the treatment of the 
sewaffe is extremely imperfect, and the large quantity of suspended 
m^era in the effltient clearly point to tliefact thai the sewage has 
not sufficient tims allowed to it for settling. 

" We have tried a number of experiments on the sewage with a 
view of efficiently clarifying and purifying it, and have come to 
the conclusion that it will be practically impossible to purify the 
sewage by any precipitation process, without using such an 
enormous amount of precipitants as to put the process entirely 
beyond practical working owing to the expense. 

" We have clarified the sewage, but only by using an exces- 
sively large proportion of precipitants. 

" The difficulty of treating this sewage is due to the large 
quantity of alkaline waste from paper mills, &c., contained in it. 
This waste is very highly charged with soluble organic matters, 
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which if removed by precipitation, as we have done in onr labora- 
tory, would only dilute the sludge which you dry for manure, and 
not add to its yalua 

" We are, dear Sir, 

" Tours faithfully, 

"Augustus Yoelokeb & SoNa" 



(Copy.) 
Letter and Analysis of Effluents by Dr. Yoblokbr. 

"^ November 9lhylS85. 

" Francis J. 0. May, Esq., 

Surveyor, Maidstonel 

" Dear Sir, — We have the pleasure to hand you herewith the 
results of the analysis of the effluents from the sewage works at 
Maidstone. No. 1 is the effluent as it flows from the precipitating 
tanks into the river, and No. 2 is the liquid squeezed out from the 
sludge in the presses. 

" No. 1 was a dark-coloured liquid, smelling very foully, and 
containing in an imperial gallon 36 * 12 grains of suspended matter, 
of which 27 ' 16 grains consisted of organic matter. 

" No. 2 was very much lighter in colour, and was practically free 
from suspended matter — it has also an offensive odour. 

*'The appended analysis of effluent Na 1 was made in the 
liquid after the removal of the suspended matter. 

^On evaporation to dryness an imperial gallon of the two 
effluents left the following amounts of sohd residue : 





No.1. 


No. 2. 




Effluent fh)m 


Effluent fronT 




Tankn. 


Premes. 




Grains. 


Grains. 


Total residue (dried at 180° C.) . . 


183*40 


670-88 


oontainiDg : — 






Lime 


9-56 


222-18 


Magnesia 


1-41 


•60 


Snlphnrio acid 


7-97 


5-95 


Chlorine 


16-90 


6-80 


Equal to chloride of sodium 


27-85 


10 38 


Potash 


8 95 


8-25 


Soda 


45-46 


1800 


Oxide of iron, alumina with traces of phns- 






phorioacid 

Soluhle silica 


•56 


1-96 


57-12 


•42 


Oxygen required to oxidise organic matter, 






&c 


19-60 


18-20 
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** The effluents farther contained : No. i. No. 2. 

£fflii6Dt from EifBtieiit firein 

Tanks. Preaaes. 

Onlns. Ondm. 

Free ammonia 5*88 11*90 

Albumenoid (organic) ammonia .. .. *84 9*80 

Suspended matter 36*12 traces 

Consisting of organic matter 27 • 1 6 

Silica, carbonate of lime, &c 8 * 96 

" A partial analysis of the first small sample of the effluent £rom 
the sludge presses gave the following results : 
** Partial analysis of effluent from sludge presses : 

Qralns. 

Total solid residue per gallon 712-60 

Free ammonia . . . . . . . . . . . . 11 * 20 

Albumenoid 9*80 

'' The effluent No. 1 (from precipitating tanks) is highly polluted 
with soluble organic matters, largely due, no doubt, to the refuse 
from paper mills. It contains also a very large amount of soda, 
which is due to the same cause. The effluent from the presses 
contains also a very large amount of soluble organic matter, and an 
enormous quantity of lime. We would recommend you to return 
the effluent to the precipitating tanks, where it will cause a further 
precipitation of the sewage, the luno being precipitated as carbonate 
of lime, and carrying down with it a further quantity of the organic 
impurities. 

''Both these effluents are in a highly polluted condition. 

"We are, Sir, 

«* Tours faithfully, 

*' Augustus Yoelokeb & Sons.*' 



DISCUSSION. 

Mr. Angell : Mr. President and Gentlemen : I do not know 
that I have anything to add to the paper in which Mr. May has so 
fully dealt with the sewage part of the works. He has there 
generally and accurately described the system, which he is now 
enlarging, and I must say ho has shown a very intelligent 
appreciation of his subject. When drainage schemes were first 
initiated— -not so many years ago — the great difficulty the engineers 
had to contend with was that they were handicapped by the matter 
of cost. In the first place it is very difficult indeed to persuade a 
community to have any drainage works at all, and when you 
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design a scheme of drainage you naturally wish to bring it within 
the lowest possible limit of cost. I speak from general experience, 
and not specially from my experience at Maidstone, when I say 
that a snm or limit is usually indicated beyond which you cannot 
go or it will be &tal to the acceptation of your scheme by the 
ratepayers at large^ and in that sense you endeavour to get out a 
scheme which will fairly meet the requirements of the place. It 
appears that from yarious causes the scheme designed for Maid- 
stone some twelve or more years ago has had to be extended, and 
although I have not had the opportunity of seeing that extension, 
I have no doubt that the extension proposed by Mr. May will 
be a great advantage. There are, however, one or two points in 
his paper to which I wish to refer, and in the first place it must 
be understood that some of the things he mentioned were quite 
tentative. For instance, the putting the sludge into holes was no 
part of my original scheme, but it was felt that until more definite 
knowledge was obtained as to the best mode of treating sewage, it 
would be well to hold on, and so the Corporation of that day deter- 
mined that the sewage sludge should be put into holes, which, as I 
have already stated, was a mere tentative scheme which could only 
last for a time, and formed no part of my original design. There 
is a much better appreciation of sanitary matters at the present 
day, and people are understanding the importance of sanitary work 
— the importance of having pure air and unpolluted water — and 
there is not so much difficulty now as there was in former days in 
persuading them to expend money on sanitary works. There is 
one point I was pleased to hear referred to — the refuse from the 
TovU Mills. That was formerly looked upon as a great difficulty, 
as it polluted the river very much, or was, rather, ofiensive in its 
results. An immense amount of white foamy matter used to come 
down from the mills, and had a very pecuHar effect, especially at 
the locks, where some acres of the river surface was covered with 
white foam. That has been turned into the sewers with the great 
advantage of deodorising the sewage. There was some little doubt 
whether the chemicals contained in the refuse from the mills 
would have a damaging effect on the structure of the sewers, and 
perhaps Mr. May will tell us if that has been the case ? 

Mr. May : Not in the least. 

Mr. Akgell (continuing) : One great fear I also had was with 
reference to the water supply. Mr. May has stated in his paper 
that the Corporation have not felt it incumbent on them to compel 

K 2 
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a constant snpply to all the closets in the town, and there was a 
great fear in my own mind whether the sewers wotdd not become 
offensive on acconnt of cesspools oyerflowing into them and without 
proper flushing. In fact^ before the works were completed we did 
find a great deal of solid matter getting into them. It is absolutely 
necessary there shonld be a complete flushing of every hoose dram, 
or you wiU get a deposit in the sewers. It is satisfactory to know 
that the effect of the works — before they were extended — ^has been 
to dear the town of filth, and also the river, which was in a deplor- 
able state when I became acquainted with it, especially between 
the locks. I have nothing more to add, except that looking back 
twelve years, I wish to acknowledge the conrtesy I always received 
from the Corporation, and the great assistance they gave me in 
this matter, especially Mr. Alderman Ellis, who I see is still 
chairman of the Drainage Committee. I remember with great 
pleasure the interest and energy that gentleman always threw into 
the work and the valuable assistance he gave me on all occasions. 

Mr. Ellioe-Glabk : I do not wish to criticise the whole paper, 
which is a large umbrella and covers a great deal of ground, but 
there are one or two points in it on which I hope Mr. Angell or 
Mr. May will give us some further information. The author of 
the paper says the Maidstone sewers are divided into sections for 
the purposes of ventilation, and that was to prevent the sewer air 
passing from the lower to the higher levels. I should like to 
know whether observations were made to prove that the air was 
constantly passing from the lower levels to the higher levels, 
because recently experiments have been carried out forming a 
series of continued observations by the Surveyor of Wimbledon, 
which go rather to prove the contrary — that the air is passing 
more frequently down the sewers than it is up them. That is 
also my own experience in a number of cases. Probably that is 
accounted for by the fact that the direction of the wind has more 
effect upon the ventilation of sewers than anything else. There 
is another matter of detail on which some information would be 
useful Mr. May tells us that when accepting tenders for granite 
it is examined and tested, and as it is a matter of practical import- 
ance to know how granites are examined and tested before they 
are put on the roads, I shall be glad to know what kind of 
examination was adopted, and what series of tests were instituted. 
Maidstone is rather famous for producing excellent tar paving, and 
I believe that in some of the best tar paving executed in the 
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sontli of England, the stone comes from this district. In reference 
to this matter I have just this snggestion to offer to those who 
propose to nse tar paving largely in the future. Instead of 
putting down tar paving of the character in which the bituminous 
concrete is six inches thick — the latter costing more than Portland 
cement concrete, the lower part should consist of four inches 
in depth of cheap coarse concrete mixed in the proportion of about 
ten or twelve to one. I have laid down footpaths with a concrete 
of that b'nd — and then put over it half an inch of tar paving, and 
have found it answer very much better than where the bituminous 
concrete is laid all the way through; and a large number of 
suburban paths may be paved very much better and cheaper in 
that way tiian they have been hitherto, and you know very well 
from experience that local boards will not pave suburban paths 
because of the great cost. If you lay cement concrete almost to 
the surface, then float it off and simply tar it over, strewing a 
very fine gravel over it, you would get a first-rate path which 
might be renewed once in two or three years, according to the 
traffic, and probably the cost would be something less than a 
hal^nny per square yard per annum. 

Mr. Sakto Gkimp: Before offering any remarks on the able 
paper read by Mr. May, permit me to congratulate the Corporation 
of Maidstone on the adoption of the very handsome stone bridge 
we passed over this morning. All engineers will agree as to the 
wisdom displayed in the choice of stone for that very elegant 
structure. With regard to the ventilation of sewers, I may 
mention that for nearly twelve months I have been making 
experiments at Wimbledon as to the direction of the currents, the 
results of which I hope shortly to lay before the Association. I 
may say, however, that those experiments have convinced me that 
the prevailing current may be downwards and not upwards, as we 
have hitherto been led to believe, not only by the big-wigs of 
Westminster, but even by Sir Bobert Bawhnson, late Chief 
Inspector at the Local Government Board, who you will find does 
not say one word about preventing your gases travelling down- 
wards, but he does say you must do all you can to prevent them 
going upwards. At Wimbledon we have suffered much inconve- 
nience &om the gases created in the sewers in the hills, and 
passing down to an outfall at a lower level, which outfall is an 
excellent one, but it had got a very bad name simply owing to its 
being a receptacle for gases. Since ihe branches passing up the hills 
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have been trapped off, complaints with regard to offensive smells 
from the ont&ll have ceased. As to the question of sludge presses, 
I may mention that I have had three years' experience of that 
matter, and therefore I may claim to know something about it I 
do not agree with some of the conclusions come to by Mr. May. I 
think, considering the position in which you are placed here, that 
the presses are the best method you could adopt, and I am glad to 
see them put up here, but you do not get all the advantages of this 
particular form of press that the author tells you he does. He tells 
you that you get greater rapidity of filtering, whereby the cakes 
are turned out in half-an-hour, working with a pressure of 80 lb. 
to 100 lb. to 1 square inch, and that you get five tons per day of 
ten hours. At Wimbledon we have two presses of 24 cells, as 
compared with two presses of 30 cells at Maidstone, and by the 
pneumatic process we turn out 6 tons 1 cwt. per day with perfect 
ease, and with a pressure of only 50 lb., which exceeds the work 
done by the Maidstone presses with a larger number of cells. If 
we had thirty chambers — the same as you have here — ^we should 
be getting out 7 J tons per day. Therefore there is no economy of 
time in the presses, as claimed for them, but rather to the contrary. 
I quite agree that here you effect a saying in the cloths, which is 
rather an expensive item with us. I find, on working out the 
figures of the Maidstone system, that the cloths cost 2*03(2. per 
ton, compared with 2|c2 per. ton at Wimbledon. You have there a 
saving of two and a half per cent., but I would like the author of the 
paper to say what the sludge costs per ton for pressing. It cosis 
28. 4^(2. per ton at Wimbledon, and 2a. 6d. at many places, while 
at Leyton it is Is. dd., and I should like Mr. May to tell us what it 
costs per ton at Maidstone, because after all that is the real crucial 
test. There is one question I should Uke to ask with reference to 
the treatment of your sewage. At the end of this paper there is a 
very important report by Dr. Voelcker, who pomts out the difficulty 
you have in treating your sewage, owing to the waste from the 
paper works at TovU, which is highly charged with alkaline 
matter, and we all know you cannot precipitate such sewage by 
means of an alkaline carbonate like Ume, and I should hke to 
know whether you have tried the use of acids such as sulphate of 
alumina in precipitation, because lime will only add to the alkaline 
nature of the effluent. Dr. Yoelcker has, however, stated in his 
report, that your sewage cannot be purified by means of chemicals, 
and that being so, I should like to ask if there is no other means of 
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treating the sewage of Maidstone than by going to the great 
expense indicated by the plans now before ns. Yon are told by 
chemists that what yon have to do is to clarify yonr sewage, 
and thaty as yon know, can be done by filtration without tiie 
addition of an onnce of chemicals of any kind. Certainly it may 
be done in many ways mnch more cheaply than by the process 
proposed here, and I shonld have thought that in a district like 
this it would have been possible to piocure land for the treatment 
of yonr sewage either at the outfall near the locks or lower down. 
I shonld also like the author of the paper to give us any informa- 
tion he may have as to the superior efficiency of elevating wheels 
oyer ordinary pumps. The design of the tanks appears to be 
everything that one could wish ; their capacity is quite sufficient, 
and the only regret one can have is that they should have to be 
built at all. 

Mr. Stbaohak : As to the ventilation of sewers, I have come to 
the oondnsion that before that question is settled, we shall require 
much more delicate instruments for measuring air currents than I 
can find at present. I have been trying the effect in shafts 
4 and 6 inches in diameter, and the result is that under very 
equable conditions for getting the current out of the sewer into 
the shafts, it goes so slowly that it wiU not even turn the wheel of 
a very delicate anemometer. I beUeve we have a great deal to 
learn about sewer ventilation, particularly with reference to the 
travelling of gases. It is somewhat bold to say they do not travel 
upwards, because our friend Mr. Lowe, of Hampst^, is suffering 
a great deal from the gases that do travel up &om the heart of 
London to the higher districts. That is a fact that no one can 
gainsay ; and the fiact that gases do travel upwards is, I think, 
incontrovertible. On the other hand, we all know by careful and 
reliable experiments that they do travel downwards at times, 
though prevailingly they travel upwards. The subject of sewer 
ventilation will probably be more than ever discussed, and when all 
the doctors get together we may probably arrive at some definite 
conclusion. There is a good d^ of evidence that sewer gases do 
travel upwards, though Mr. Santo Crimp says they travel down- 
wards. 

Mr. GoDFBET : I should Uke to say one word as to this question 
of the current of air in sewers. One element which largely 
influences the current of air is the depth of the sewage, and I can 
quite understand that where you have a largely filled sewer with 
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a strong cnrrent of sewage in it, the inducement will be for the air 
to go downwards ; bnt I believe, from my own experience, that 
in hilly districts the gases rise upwards. On a frosty day you 
will see, in a long length of sewer in a gradual rise, that the 
yentilators in the lower parts are perfectly dry, but on the higher 
parts you will see the warm air moistening the soil round the edges 
of the yentilators, and that I think is conclusiye proof that the 
gases do rise. No doubt the geographical contour of the country 
or district which you are draining yery largely influences the 
current of the gases, and, as Mr. Crimp reported, I can quite 
believe that in the lower-level sewer there may be an induced 
current downwards ; but what most of us have to contend with is 
the smells arising from sewer gas in new sewers. The smaller the 
quantity of sewage the more the smell, and I beUeve we have been all 
coming to the conclusion thai until we get our sewers well filled 
and a good current of sewage in them, the smells will not decrease. 
Until that is the case, there is no doubt the gases will rise. I 
have been experimenting myself on the rising of sewer gas, and I 
have not yet come to the conclusion that the gases go downwards. 
I have, as it happens, two sewers in one particular road, one of great 
depth, and the other not so deep, and presently I hope to be able 
to compare notes with Mr, Crimp. 

Mr. Bakeb ; I believe we have met here to-day for the purpose 
of criticising the scheme brought before us by our worthy friend 
and brother surveyor, Mr. May. I should like to ask him how 
he proposes to carry the sewage to the point as shown without 
interfering with the tank : whether he proposes to add the lime 
treatment before it goes to the wheels or afterwards ? It seems to 
me that there will be a great difficulty in keeping the wheels clear 
of the rags and other heavy material conveyed in the sewage. Unless 
some arrangement is made similar to Baldwin Latham s screen at 
the Coventry works, the buckets would fill up and become perfectly 
useless. It also seems to me there is a very long distance for the 
sludge to travel from the new tanks down to the sludge pumps, 
and, judging from the experience I have had, I think you will find 
there will be very great difficulty in getting the sludge to travel 
such an enormous distance without some mechanical means. 

Mr. C. Jones : I am sure we must all feel gratified by the very able 
and interesting paper Mr. May has put before the association, 
whether we agree with all its details or not. Some of the points 
raised admit of much discussion, and I think the Corporation of 
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Aiaidstone will see^ from the course the discussion has taken, that 
we deal yerj freely and fairly with whatever comes hefore ns, 
whether it be from onr brother May or any one else. Our great 
object is to ascertain the truth, and of coarse on matters snch as 
are under discussion, it is evident there will be a great variety of 
opinions. Personally I quite agree with Mr. Godfrey that the 
physical contour of a country affects the current of sewer gas^s ; and 
as the subject is shortly to receive special attention I have no doubt 
^ the doctors " will agree in coming to that conclusion. I do not 
know if Mr. Crimp was quite understood when he referred to the 
tanks Mr. May proposes to put up. I would ask him, therefore, 
to explain what he did mean. I think he meant — and I should 
quite approve of the idea myself — ^that there should be tanks what- 
ever system is adopted, whether filtration by land or not. I 
should like to clear away any doubt on the subject, so that it may 
not rest upon the minds of any one present that we hold antago- 
nistic views as to the use and construction of tanks. I think it 
necessary there should be tanks whether the land is irrigated or 
not. As to the cost of pressing I deem it most important we 
should have something very definite on that point. It is exciting 
great interest at the present time, especially among those who 
have anything to do with the treatment of sewage by precipitation, 
and it is a question too, in which all Tovm Councils are more or 
less interested, because, as Mr. Angell told us just now, whether 
in the drainage of a town or the pressing of sludge, they are most 
sensitive as to the cost. I have no doubt Mr. May will give us a 
reasonable reply to that question. As to the value of the pressed 
sludge, that is a question upon which I should join issue with 
Messrs. Yoelcker, with all due deference to those gentlemen. 
Undoubtedly a thing is worth what it will fetch in the open 
market ; but if you think you are going to get from 12«. to Ids. 
per ton for your pressed sludge, you are, I am afraid, very much 
mistaken. I am sorry when I see anything of this sort put into 
public print, because it leads the ratepayers to suppose that your 
engineer is capable of doing a great deal more than it is in any 
way possible to do. If you can prove to me or any one else that 
this stuff, after it has been pressed and dried, ground into a 
powder, and manipulated in all manner of ways, is going to fetch 
even 2«. 6d. per ton — to say nothing of 15a., I should say you 
ought to have a gold medal struck for the man who can bring 
about that desirable result. I have had to deal with sludge for 
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some years^ and this is the conclusion I have arrived at I say 
that 1^ all means let the ratepayers of Maidstone have it impressed 
uponlheir minds that there is not one atom of value in the pressed 
sludge ; that it is in tact a nuisance to be got rid of. I urge this 
strongly, because I have seen so much disappointment arising from 
the ridiculous notion that a large profit is to be made out of the 
sludge, and I think when we come to a town like this it is our 
duty to disabuse the minds of the ratepayers of any such erroneous 
idea. I wish, however, to thank Mr. May for his very interesting 
paper, and I think enough has been said to show that our 
gathering to-day may be of some use from a practical point of 
view. 

Mr. GooDTBAB : I should like to say, in reply to Mr. Jones's 
remarks as to the value of the pressed sewage, I think I am right 
in stating that the town of Salisbury has been making 3s. 6d. 
per ton of their sludge for the last few years. We have just 
adopted the pressing system at Colchester, and we have a great 
demand for the sludge at 28, per ton, and I hope to raise the price 
to 4a. next year. We cannot make the stuff fast enougL Of 
course we are feivourably situated, being in the midst of an agri- 
cultural district, and we have some market gardeners around us ; 
but I do not say that the stuff is worth 10s., 128., or ISs. per ton, 
as some of the analysts say it is, but I do think we shall be able 
to make 48. per ton of it in future. 

Mr. Meade : I cannot allow this meeting to close without adding 
my very sincere thanks to those already expressed to Mr. May for 
the very admirable paper he has favoured us with to-day. I 
think, too, it should be clearly understood that what is stated here 
to-day is being said before the speakers have seen the works. 
Happily I am not in that position, for I have seen the works, and 
came away very pleased with the manner in which the pumps and 
presses are doing their work. I came here quite unexpectedly and 
saw them doing their ordinary work. I should like to ask Mr. 
May the quantity of lime added to the sludge before it is admitted 
to the presses. With regard to the ventilation of sewers, I may 
mention that the district I represent is perhaps one of the most 
hilly in the neighbourhood of London, and we are connected 
with a number of sewers on the lower level. There is no doubt in 
my mind that the gases travel up and not down. Some few 
years ago we had considerable complamts, and I found that by 
dividing the sewers into sections, and putting flaps in at different 
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points, commencing with the low-lying portions and working 
upwards, we got rid of the complaints in the high-leyel districts 
altogether, thus showing that without division by flaps or otherwise, 
a great quantity of gas passed the lower ventilators, and made its 
wuj to the higher levels, causing a great nuisance. 

Alderman Ellis : As a member of the Gorpoiation this ques- 
tion of the disposal of the sewage of Maidstone has interested me 
a great number of years, and I suppose I must plead guilty to 
having involved the town in an expenditure of 60,000?. I have 
listened with great interest to the discussion to-day, and have 
heard with much concern what has been said as to the value of the 
sludge. Well, doctors will diflTer — even about the value of 
manure. A gentleman on my right says the sludge is of no use, 
and another gentleman on my left says it is worth 48. per ton. 
Then vnth regard to the direction of sewer gases, some say they 
travel downwards, while others say they go upwards, but I think 
we are pretty safe in going on with the project we have in view, 
unless you can tell us something better. It is said by one gentle- 
man that we should not increase our tank accommodation, but that 
we should pass the sewage through filter beds, and thus obtain the 
same results ; but we have tried the filter bed, and did not get 
the pure effluent we do at the present moment. I saw the other 
day in the 8t. James's Gazette a paragraph referring to the treat- 
ment of sewage of Chichester barracks, where the authorities were 
threatened with law proceedings. They set to work with a new 
process, and have so effectually cleared the effluent that it runs 
without harm into a brook there. The same system is in operation 
at Windsor Castle, and has also been introduced at the Junior 
Civil Service Club. The sewage is treated with a solution of iron, 
and I should like to hear if any gentleman knows anything about 
the treatment, and can give us his opinion whether we should 
require tank accommodation or not ; because as I understand it 
this thing can be used in the house itself, and the effect is merely 
a slight deposit of an iron dust at the bottom of the pipes. Before 
startmg upon a considerable outlay in regard to further tank 
accommodation, one would like to obtain further information, and 
to know the views of this meeting on the subject. 

Mr. Akgell :. One word of explanation arising out of the 
remarks made by Mr. Jones and Mr. Crimp as to the tanks. I 
forgot to say that the tanks were placed where they are as the 
most fiavourable position for pumping over land in the future. 
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There was great difficulty in fixing on a site in this district, and 
this one was fixed upon as the best possible one for a pumping 
station^ the ontMl itseK being qnite a mile lower down. 

The President: I was very glad to hear Alderman Ellis 
chairman of the Drainage Committee, invite even farther discns- 
sion, but as our time is getting on I am afiraid we must bring the 
discussion to a close. I hope that the gentlemen of the Corpora- 
tion here to-day wiU not think the paper has been dealt with 
nnmercifully. The criticism has been of a very mild character ; 
several points have been touched upon, and I think that what the 
Corporation of Maidstone would most like to hear is something 
with reference to the scheme upon which they are now embarking, 
as to whether or not it meets with the approval — so far as it can 
be judged trom the description we have heard to-day — of this 
Association. You have heard from one gentleman that he is some- 
what afraid that more money is likely to be spent on these tanks 
than is necessary, and that the same end might have been attained 
in another way. Well, I must say that I think probably it might 
not have been necessary to go to quite such a large expense as is 
proposed here, and even supposing filters cost as much as tanks 
I think there is no doubt they are an advantage, inasmuch as they 
give you a better effluent thaii you can get by precipitation alone, 
especially by lime. You get matters in solution taken from the 
sewage itself by passing it through land or filters. By the use of 
lime, your effluent — however well you may have taken out the 
solid matters — will be of a very alkaline character, and I notice 
that Mr. May uses a ton of lime to a million gallons, and that is 
equal to sixteen grains per gallon. That must give a very alkahne 
effluent, and if it were not that you have a large river into which 
to pour your sewage, I venture to say you would have second 
putre&ction. But I must say this, that with the number of tanks 
you are proposing to use, equal to a day's supply in dry weather, 
and the comparative capacity of which to your daily supply I am not 
aware has been attempted anywhere else in the country, you ought 
to be able to get the most transparent effluent that the lime process 
will produce. Even Bradford and Sheffield, which have excellent 
tank accommodation, are better provided than you propose to be at 
Maidstone. But I think it might be well for the Corporation to 
turn their attention to other processes in connection with lime. 
Mr. Ellis has asked a question with reference to the use of iron. 
I have not seen the paragraph in the St Jameses Gazette, but you 
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would certainly want tanks if yon adopted the iron process. Mr. 
Santo Crimp threw ont a suggestion that you might add alumina 
because your sewage is already of an alkaline character owing to 
the refuse which passes into it from the paper mills, and I have no 
doubt you could take out a great deal of that alkalinity by the use of 
other chemicals, but I should hope that if you carry out your pro- 
posed tanks you will not want other chemicals, for I can assure you, 
from a considerable experience in the use of chemicals, every chemical 
you use beyond lime will cost you a great deal of money. Sulphate 
of iron, sulphate of alumina, and many other chemicals have all 
been more or less tried at Leicester, and have proved to be three, 
four, and five or six times the cost of lime, and so long as your 
alkaline effluent does no harm in the river you may obtain with 
lime a sufficiently clear effluent by its use alone. I do not see why 
your process should not be successful under the conditions I have 
named ; and I am sure we are aU glad to have heard the paper from 
Mr. May. It only confirms the impression that you have in him a 
surveyor who can deal satisfBtctorily with the sanitary requirements of 
Maidstone and keep it abreast of the science of the day. I think the 
Corporation are also to be congratulated very much on the success 
they have achieved in all the other works to which Mr. May has 
alluded. The foot bridge we are told;was a second-hand purchase, 
and therefore whoever was responsible for that was keeping an eye 
on the purse of Maidstone. The stone bridge is a great credit to 
the town and also to Sir Joseph Bazalgette, and I believe we are all 
coming round to the opinion that stone will in future take a much 
larger share in works over rivers than iron. Something has 
been said by Mr. Angell about the difficulties engineers have even 
now as to the matter of cost ; but I venture to say that the cost of 
the Maidstone sewage works, 60,0002.— for which Mr. Ellis con- 
siders himself largely responsible — is not excessive for 80,000 
people, and it may be some comfort to the ratepayers of Maidstone 
to know from those who have had considerable experience in these 
matters, that they have works of full value, and that they have 
not been an excessive cost to the town when compared with other 
works of the kind. There is one matter I should like some 
information upon. You have a syphon here under the river, the 
size of which I should like to know, and whether it is always kept 
clear. The outfiEJl sewer has, I notice, a very fiat fall, and as it is 
on occasions of this kind that we obtain information which guides 
us in other schemes^ I should be glad if Mr. May will tell us 
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whether the fall of one foot per mile has been found to be snffi' 
cient and self-cleansing. With regard to the sladge I do not think 
yon will get a greater quantity of dry sladge in fature than is 
anticipated by Mr. May.- You are now getting from yonr present 
tanks 45 tons of dry dndge per week, and that means something 
like about 82 tons of wet sludge per million gallons, which is about 
the quantity obtained from all kinds of sewage. What is most 
interesting to know is the cost of pressing wet sludge into dry, and 
I hope your difficulties will not increase under that head. Mr. 
Jones has referred to the hospital, and to the gas disinfecting 
apparatus there. On this head I may say that a gas apparatus 
does not totally destroy the germs of disease, and that the only 
proper and efficient disinfector is by means of steam. I will not 
further occupy your time except to say that I am sure you will all 
have very great pleasure in according Mr. May a most cordial vote 
of thanks for the highly interesting and instructive paper he has 
read to us to-day. I need not put the motion formally, because I 
am sure I have only need to mention it to ensure its being carried 
with acclamation. 

Mr. May : With regard to the queries as to the presses and the 
cost of pressing, &c., &c., I will reply to them at the works, where 
I can explain everything in connection with them more satisfiEu;- 
torily, and make myself better understood than I can in this room. 
As to using land for filtration, I quite agree that a better effluent 
can be obtained by that means than by precipitation ; but I think 
when you go to the outfall works you will see that we have no 
opportunity of obtaining land suitable for filtration. Therefore 
we were driven back upon precipitation in tanks, and I think you 
will find the situation of the tanks is quite unique* I may tell you 
that we had hardly an inch of level ground, except what we have 
made for ourselves, and the land below is so subject to floods and 
other inconveniences, that we were led to the conclusion we must 
adopt the proposed mode of treatment. With reference to the 
out&ll sewer, you have asked whether it is a self-cleansing sewer, 
and I must tell you it is not. In fact two or three years ago 
we found it was silted up to a considerable extent, and that is ac- 
counted for in two ways : not only because the gradient is very flat, 
but for a considerable time in the day it is merely a reservoir for 
the whole of the sewage which is kept back by the tide, and preci- 
pitation takes place during that period. By permission of the 
Medway Lower Navigation Company we were able to get out of 
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that di£Scnlty, becanse they allowed ns to take water by means of 
a penstock and cnlyert from the river, so that when the tide will 
permit, we are able to pass an immense quantity of river water 
into the outfall sewer, and thus cleanse it of any deposit which 
may have taken place. The syphon nnder the river has been self- 
cleansing. At one time we had a little difficulty with it, becanse 
the manhole on the west side of the river was so small that the 
solid matter often choked it, and we were nnable to get at it to 
clear it away. Three or four years ago we considerably enlarged 
it, and we tiien found that the syphon was silted up to a consider- 
able extent. We cleared it out, constructed a larger chamber, and 
it has answered very well since. 

Mr. Ellioe-Clabk : Has the syphon any fall ? 

Mr. Mat : No, I think not. 

The Pbesidbnt : What is the size of it ? 

Mr. May : (Two feet six inches in diameter.) With reference to 
the sewer ventilation, we always find that on the higher levels we 
have much more smell than in the lower parts of the town, and we 
also notice the same condition of things explained by Mr. Gbdfrey, 
that while the ground is perfectly dry round the ventilators of 
the lower levels, it is always moist round the ventilators in the 
upper levels. 

The tests of granites, on which I relied, were as follows : — 

Stbength tested by Datid Kibkaldt, TB8TIN0 Works, Southwabk 
Street, London. 



Penlee 
Cliffe Hill 
Banion Hill 
Morkfield.. 
Mountsorrel 
Guernsey .. 



Pressure on 1 


Pressure on 1 


square Inch 


square foot 


crushed At 


crashed at 


lb. 


tons. 


29011 


1865 


21-687 


1486 


20-742 


1334 


19-096 


1228 


17-538 


1128 


15 062 


970 



I tested the several kinds of granite to learn their powers of 
absorption by keeping them immersed for one week, each in the 
same given quantity of water, in vessels of eqnal sizes and in the 
same place. The result was that Penlee had absorbed much less 
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than the others, although the quantity in each case was very 
small. 

I further tested them by the nse of hydrochloric acid, to ascer- 
tain if there was any appreciable amount of lime in the stones. 
The test had yery little effect indeed on any stone, but none what- 
ever on the Penlee stone. 

There is no available land within a reasonable distance which is 
suitable in the least degree for filtration, neither as relates to its 
character nor its position. The treatment of sewage effluent by 
filtration through land has in no way been overlooked by me, but 
I have been obliged to give it up as hopeless. Therefore I am 
compelled to ML back upon the system of precipitating tanks. 

I have abready tried the use of sulphate of alumina as a precipi- 
tant, but owing, as I believe, principally to the small capacity of 
my tanks, the little extra improvement in the character of the 
effluent was not at all in proportion to the additional cost. I 
therefore discontinued its use. 

I have given a deal of time to the study of the question of 
elevating wheels for lifting sewage, and recommend their use (in 
certain cases) in preference to pumps, for the following reasons : 
1. — There are less moving parts. 

2. — Consequently less friction, therefore less wear and tear. 
3. — The less the friction, the less motive power required. 
4. — ^The reduction of motive power also reduces the annual 
expense for fuel and attention. 

5. — A wheel has no valves to get out of order. 
6. — ^There are no glands to pack occasionally. 
7. — The annual repairs of a wheel will practically be nil, 
the only wearing part being the centre bearing of the wheel 

8. — In a wheel there are not, as in pumps, valves which 
may become choked or stopped. 

9. — A wheel is always regular in its delivery, uniform in 

its action, and by its motion will assist the incorporation of 

the lime with the sewage. 

I cannot see there is anything to substantiate the idea that in 

lifting the raw sewage after it has been screened, the buckets will 

be liable to become choked with sewage. They will be 2 feet 

6 inches wide, and will each hold 1 • 75 cubic feet of sewage. The 

bottom of the bucket will be round, and there will be no angles at 

the sides for anything to cling to. When upside down they must 

deliver their contents. 
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The drain by which the sladge will flow from the tanks to the 
reaervoir will haye a gradient of one in 160. I haye already preyed 
ibiB £eJ1 to be BufiSeient for the purpose. 

The lime for precipitation wiU be added to the sewage before it 
is lifted by the wheel. 

I haye taken the pains to work ont the actual cost of a ton of 
pressed sludge, and I find it has ayeraged Is. 4cid. per ton. 

I haye also turned out 24 pressings from each press in 12 hours, 
each ayeraging 18 cwt. of pressed sludge, or a total of 21 tons 
12 cwb At the same time I used only 1^ cwt. of lime to 10 
pressings, or 1^ cwt. lime to 9 tons pressed sludge. I haye also 
made a few pressings without any additional lime in the sludge. 

I am sure that the cost of filtering material per ton may be 
much reduced, as I feel confident, from my obseryations, that if 
our presses were working continually, the wear and tear of the 
filter mats would not be much more, if any more, than at present. 
I haye already stated in my paper that the coir fibre mats will last 
much longer if continually wet, as they would be if constantly at 
work, than when worked intermittently, so as to be alternately wet 
and dry. The cost of our filtering material has been 2d. per ton, 
but if we had pressed 11 tons instead of 5 tons per day, I am sure 
it would not haye exceeded lid. per ton. 

I beg, Mr. President and gentlemen, to thank you yery sincerely 
for the yote of thanks you haye so kindly accorded me, and will, 
with your permission, reply to the other questions at the tanks. 



At thb Tanks. 

After lunch the party proceeded down the riyer in a barge 
drawn by Messrs. Drake and Muirhead's steam launch, and on 
arriying at the works they made a thorough inspection of the 
screens, tanks, presses, engines, and the premises generally, under 
the guidance of Mr. May. This part of the prognunme completed, 
there was an assembly in the press-room, where the discussion was 
continued. 

Mr. Mat : Mr. Crimp appeared to think that 5 tons per day 
was the capacity of each press, but that is an error. Fiye tons 
per day was the actual quantity turned out ; we haye disposed of 
all the sludge we haye to deal with, but if we had 11 tons per day 
we should be able to deal with it, working twelye hours per day. We 
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are now using seven bnshels of lime to ten pressings, which is eqnal 
to 4j^ cwt. of lime to 180 cwt of pressed sludge ; in other words, 
1 cwt. of lime to 2 tons of pressed sludge. The proportion of wet 
slndge to pressed cake is as five to one ; L e. 18 cwt. of pressed 
sludge represents 90 cwt. of wet sludge. We haye five men on 
the works, and two men do the whole of the labour of this room. 
The stoker attends to the boiler and the machinery in the shed 
below. He is a kind of odd man. The same two men would work 
three presses. 

Mr. Goodyeab: I should like to ask Mr. May whether the 
present pump is sufficient to supply the three presses when they 
are put up, or whether it is contemplated to put up more pumping 
power? 

Mr. May : It is thought more convenient to put up another 
pumping engine, for the simple reason that if the existing one were 
to break down we should have something to ML back upon. We 
simply propose to duplicate the system so as to be able to deal with 
any contingencies which may arise. AU our houses are connected 
with the sewage system. The increase in the quantity of sludge 
which I anticipate, will arise from the better mode of precipitation. 
At the present moment our tanks are filled by the volume of 
sewage, and the empty tanks are filled in an hour and a half. A 
proper amount of precipitation does not follow ; but with an in- 
creased amount of taok accommodation our effluent will be rendered 
much purer by the extra precipitation which will take place in the 
tanks. 

Mr. Pilditoh: If either of these presses broke down the 
remaining press would not be sufficient to do your work, and that, 
I suppose, is the real reason why you want to put in an extra 
press? 

Mr. May : Tes ; that is so. 

Mr. Godfrey : I understand that what Mr. May says is that 
if he has more tanks he will get more mud, aud if you do not 
have plenty of tanks you don't get the mud. 

Mr. May : Exactly so. My object in extending the works and 
duplicating the machinery is that we may settle our difficulties 
once for all. I ought also to explain that at present our effluent 
is not satis&ctory to the authority into whose district it is dis- 
charged ; and one reason why we propose these extra works is that 
we may obtain such an effluent as our neighbours will not find 
fault with. 
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The PsBsiDEirr: I take it that Maidstone is ptnely a t^ater- 
doset town, and therefore you get a greater amount of slndge 
than they do in the Northern and Midland towns, where the pail 
system is in yogne ? 

Mr. May : That is so. A suggestion was made this morning 
that it might be possible to abolish onr system of new tanks and 
adopt a system of land filtration, but I think that now you see the 
position of onr land you will agree that filtration is utterly out of 
the question. I venture to say that the position of these outMl 
works is quite unique, and that not a gentleman present can speak 
of any other works similarly situated. Two or three years ago I 
prepued a scheme for pumping the whole of the sewage on to the 
high land beyond us here — the only land available for filtration — 
but when we went into the cost we found it so enormous that we 
were bound to give it up, and that drove us back to our system of 
precipitation pure and simple. If we had gone on to the ground 
I proposed, the weight of the Uft would have been 85 feet from the 
sewer, the outfall being a mile below this spot There is not a 
single yard of land available for filtration. The contour is very 
similar to this for miles below. 

Mr. Angell : There is one thing which should be known, viz. 
it was considered a matter of great importance that the tanks 
should be hidden because the river is a pleasure river which people 
go up and down every day, and it was very necessary the tanks 
ebould not be seen from the river. That was one reason why we 
put them down in this ** unique *" place. 

Mr. MinsHEAn: Before you leave, gentlemen, I should like to 
explain one or two matters upon which some misapprehension 
appears to exist. From certain correspondence which has passed 
through our hands, and ako from some remarks I have heard this 
aftanoon, there seems to be an impression in some minds that we, 
by having adopted this direct-pressure pumping arrangement, are 
handicapped with a serious loss of power, whereas, in fisu^t, we claim 
an advantage. Only a few minutes ago I heard one gentleman 
telling anotiier that because we use direct-pressure pumps, there 
must of necessity be a great deal more sludge pumped than is 
actually required, and that the excess must consequently be pumped 
to waste through some hidden outlet or relief valve. Now I wish 
it to be clearly understood that, although the above remarks might 
have been correct if made in reference to previous attempts to solve 
the same problem, they are certainly not correct as regards the 

L 2 
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case in point I most emphatically state that there is no outlet 
from these pumps other than that which goes direct into the 
press ; there is no relief-yalve either on the delivery pipe or the 
press, and there is no safety-yalve in any sense of the term. With 
your permission, Mr. President, I will explain in as few words as 
possible what is actually done. The pumping engine, you will have 
observed, does not work at one regular uniform speed, but starts 
and stops, increases and reduces its strokes automatically, and thus 
delivers a varying amount of sludge in accordance with tiie require- 
ments of the press from time to time. When the pressing 
commences, the engine runs fast and rapidly fills up the cells. As 
the sludge solidifies and the resistance increases, the speed is 
gradually reduced automatically until towards the end of the 
operation, when there being no more room in the press the engine 
comes to a dead standstill I think, therefore, I am entitled to claim 
that we do not pump sludge to waste, and that there is no loss of 
power in the way that has been stated. With regard to the best 
pressure to work at, it is quite true, as Mr. Crimp has said, that it 
is possible to get cakes with 50 lb. pressure to the square inch, 
but we find that better results are obtained — i. e. more solid coke 
with a less proportion of lime— when working up to a maximum 
pressure of from 80 lb. to 100 lb., and as in our practice there is 
no possibility of overstraining the plates or bursting any cloths, 
we have nothing to fear, and therefore should not mind if the 
pressure ran up to 150 lb. even. In point of &ct each press has 
been actually tested at 200 lb. to the square inch, without sustain- 
ing the sUghtest damage. I think, also, you have seen no blow, and 
the condition of the room, after fifteen months' working, will show 
you we have not been troubled on that score. When there has 
been an occasional blow — and all presses are liable to them — ^it has 
been so slight that it has never extended beyond a few inches 
from the press. 

Betuming to Maidstone, the following speeches were made : — 
The President : Mr. Mayor : It may have appeared that some of 
our remarks on the paper read by your esteemed surveyor, were a 
little stringent, but I believe that if we had had the opportunity of 
seeing the works before we criticised them, our observations would 
have taken a very different turn. I am pleased to say, after 
seeing the position of the works, the difiSculties of the site, the 
nature and character of the Medway — which I had not seen before 
— that I have no hesitation in telling you that under the circum- 
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stances in which yon are placed yon need hare no fear whatever of 
succeeding entirely and completely with the lime process at yonr 
proposed tank& The theory of land filtration in addition to any 
chemical process, is one which I endorse to the extent it was 
indulged in this morning nnder certain given circnmstances, bnt 
those circnmstanoes are not present in Maidstone, and therefore I 
folly endorse the plans Mr. May has proposed to yon. It is only 
right and fsdr Ishonld say this much after the criticisms passed this 
morning. 

Mr. Jokes : I believe when we met this morning we did so 
nnder considerable disadvantage — ^we met in £act before we had had 
time to consider thoroughly the details presented to us, and with- 
out a knowledge really of what we were criticising ; we had a 
general idea of something or other, but we did not know exactly 
what it was ; but subsequently we were permitted to see the works, 
and I must say we then came to a conclusion somewhat different to 
that we arrived at in the earlier part of the day ; and personally I 
must bear my testimony to this simple fact, that Mr. May, your 
o£Scer, has done and is doing his duty to the fullest possible extent. 
As an expert in the lime process, I must say I never saw a set of 
plans or works proposed for carrying out that process, which were 
more thoroughly well thought out than the plans placed before you 
by your engineer, Mr. May, and I feel I am bound to bear this 
testimony, as I should wish any one else to do if I were placed in 
similar circumstances. In so doing I am only saying that which 
we feel to be our honest conviction in connection with the various 
works placed before us this day ; and I have no doubt that when 
we visit you some three or four years hence, when these various 
works have been carried out to their completion, you will be proud 
of the results you have achieved and fully satisfied that you have 
done that which is for the best interest of the ratepayers. I con- 
gratulate Mr. May on having produced a scheme which I believe 
will work out in the most successful, satisfactory, and economical 
manner, and to the benefit of the town at large. 

During the day a visit was paid to the Sewage OutfaU Works 
upon the Medway, where the new sludge presses and other 
machinery were inspected. 
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DISTRICT MEETING AT LINCOLN. 

Apnl 14th, 1888. 
nM at the QuUd HaUy Lineoln. 
Joseph Gordon, President, in the Chair. 

The Mayor (Thos. Martin, Esq.) gave the members of the Associ- 
ation a cordial welcome to the ancient city of Lincoln, and expressed 
the hope that their visit might prove advantageous to them in 
carrying out their duties in their respective districts. He did not 
claim for the system of sewage disposal adopted at Lincoln that it 
was perfect, but he thought when they had visited the works they 
would agree with him that it was a very good system. 

The President acknowledged the kindly expressions addressed 
to the members by his Worship, and said they were always delighted 
to have with them at their meetings the chief magistrate of the 
town or city which they visited. He expressed the hope that his 
Worship would be pleased to remain and hear the discussion which 
would take place upon the papers that were to be read. 

Alderman Maltby, as late chairman of the Special Sewerage 
Committee, also welcomed the Association to Lincoln. 

The President then proposed the re-election of Mr. K Buckham 
as the District Honorary Secretary. Mr. Buckham had filled that 
office for some time, and had discharged his duties in a very able 
and energetic manner. 

Mr. J. W. GooERiLL (Ghreat Tarmouth) seconded the proposition, 
which was carried unanimously. 

The minutes of the last meeting of the district, held at Great 
Yarmouth on the 5th of June, 1886, were read and confirmed. 
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NOTES ON LINCOLN SEWERAGE WORKS, 
WITH SPECIAL REFERENCE TO THE 
FILTER-PRESSINa MACHINERY. 

By B. a. MAGBBAIB, Assoc. M. Inst. C.K, Linooln. 

Like many other towns Lincoln hesitated a long time before it 
embarked on a sewerage system. Just forty years ago— in 1848 — 
the late Mr. George Giles, M.I.C.E., was asked to report on the 
** existing state of drainage/' and to furnish an " estimate of cost of 
carrying out a system of xmdergronnd sewerage." As might be 
expected, he fonnd a somewhat deplorable state of things — at least 
judged from onr present sanitary standpoint. Tard sor&ce water, 
house drainage— where not left to stagnate— drains from closet 
cesspools, &o., generally found their way into the street channels, 
en Tovie for the river. In the northern part of the city, on the 
hiUnnde, the Oolite formation absorbed the sewage put thereon, but 
this being stopped in its downward course by the Lias formation, 
had a great tendency to pollute the drinking wells. Again, in the 
lower part of the city the land is only a few feet above the level of 
the river Witham, consequently the liquid in the cesspools did not 
readily flow away, thus polluting the weUs which formed the main 
water supply. Both on the hill-side and the flat, the water had a 
well-known footid smell. 

It might here be stated that a private company obtained in 
1846 an Act for the Construction of Waterworks, and in 1849 
were supplying 110,000 gallons to 733 houses. 

At this time — 1849 — ^the estimated population was 16,500, the 
number of houses 3693 (4*48 persons per house), and the death- 
rate 24 per 1000. 

Mr. Giles, M.I.C.E., recommended separate systems for surface 
drainage and sewage, a pumping station, lime precipitating tanks, 
&c., at an estimated cost of 29,3882. 

This report was duly considered, talked about in board-room 
and dty, and — nothing done. We must remember that forty 
years ago, the absolute necessity of a sewerage system for the 
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sanitary well-being of a community was not nniversally acknow- 
ledged, or at least there was a general opinion that a sewerage 
system was not a good and fSedr equivalent for a good round sum 
of money and a dreadful consequent increase in the rates! A 
faithful few still clamoured for sewerage, but the matter lay practi- 
cally in abeyance till 1866, when the Local Board was established 
hera In that year the late Mr. Tarbotton of Nottingham, the 
late Mr. Lawson of Westminster, and Mr. M. Drury, the local 
surveyor, were asked to send in sewerage schemes. These were 
designed, received and considered, but the Local Board being of 
opinion that '^ the highest scientific authorities are at issue as to 
the mode of getting rid of and utilising town sewage,'' resolved, 
with but one dissentient, to again postpone the matter. In 1870 a 
memorial was sent up to the Secretary of State, complaining that 
the Local Board were in default in providing a proper system of 
main sewerage. 

A copy of this report being sent to the Local Board, they in 
reply stated that they had made arrangement with the Great 
Northern Bailway Company to flush the Foss Dyke and Witham, 
two streams forming the chief outlet for the majority of the water- 
elosets and the house drainage. This was deemed unsatisfiEUstory. 
Mr. Arnold Taylor, Government inspector, held an inquiry in 
October 1870. In his report to the Secretary of State he stated that 
the Lincoln Local Board had cei*tainly failed in their duty (in this 
respect), and recommended ^^ that three months be granted to the 
Board to decide upon the course they propose to pursue with 
respect to the drainage." Lincoln is not the only town that has 
been fi&voured with such missives, or gentle reminders of their 
duties. The Lincoln Board at last made up their mind to carry 
out the works required, and having so determined, no one can find 
fault with the thorough manner in which it has been done. 

The plans of Messrs. Lawson and Mansergh were accepted, the 
provisional order obtained, and tenders advertised for in 1876. The 
work was commenced in 1877, and finished, with the exception of 
laying-out farm, in 1880. The works done were as follows : — 

Three miles of brick sewers, the largest being the reservoir next 
the pumping station, 9 feet high, 9 feet wide, tunnel-shaped, the 
others being egg-shaped, and ranging from 3 feet 6 inches by 
2 feet 4 inches to 2 feet 6 inches by 1 foot 8 inches, and twenty- 
six miles of pipe sewers, ranging from 24 inches to 9 inches — all 
being Stanford's patent jomts — 21 miles of sewers were laid in 
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waterlogged grotmd. The tuEual manholes and yentilators were 
built at alterations of line and gradient. 

About one-tenth of the volume of sewage is carried under the 
river Witham by an inverted syphon 2100 yards in length, con- 
structed of 24 inch cast-iron pipes. From the pumping station the 
sewage is carried to the £surm by a 20 inch cast-iron rising main 
about 1500 yards in lengtL 

The pumps consist of a pair of compound condensing engines, 
fitted with Davey's patent automatic differential gear, actuating 
four ram pumps, diameter 22 inches, one under each cylinder 
(sizes of which are, hio:h pressure 15 inches, low pressure 30 inches), 
and three cylindrical two-flued boilers, adapted to work at a 
pressure of 80 lb. per square inch. Ordinary working speed, 
14 strokes per minute, and length of stroke 5 feet. Allowing for 
slip, 145 gallons are pumped per stroke, capacity of pumps being 
160 gallons. The bottom of suction well is 23 feet below engine- 
house floor, and the total lift about 70 feet. 

The daily quantity of sewage pumped is 900,000 gallons in dry 
weather, rising to 1,500,000 or more after heavy rain. In many 
of the yards to the houses the surface water flows into the gullies, 
thereby increasing greatly the quantity of sewage, diluted though 
it may be. On the farm are four large precipitating tanks, holding 
about 210,000 gallons each, and two smaller ones of 64,000 each. 
Part of the sewage turned a wheel actuating a mortar mill for 
grinding and mixing the lime, but, as will be explained shortly, 
advantage has been taken to provide on the filter-pressing premises 
machinery for mixing and forcing the lime into the rising main 
before it reaches the tanks. The farm consists of 68 acres (60 acres 
cultivated) of land well suited for the purpose — sand being met 
with about a foot under the surface. 

The following is an abstract of the cost of the works : 

£ 
29 miles of brick and pipe sewers, manholes, river 

crossings, &c. .. .. ^ .. .. .. .. 75,245 

Cast-iron syphon and rising main .. .. .. .. 5,339 

Pumping station complete, and two cottages .. .. 6,696 

Precipitating tanks .. .. .. .. •• •• 4,550 

The farm now irrigated ; (40 acres) ; (we rent 28 acres 
from the Corporation in its municipal capacity, at 21 

per acre 5,426 

Laying out farm .. .. .. .• .. .. 6,102 

Pumping machinery .. .. •• '« .. 5,230 

Heighington farm, let by Corporation (206 acres) .. 11 ,025 

£119,613 
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This is exdnsive of cost of yarions late extensions of works, oom- 
pensationsy legal expenses, &o. Total cost of sewage works of 
every description is abont 186,0002. 

It may be interesting to state that the loss on working the fiarm, 
exolosiye of all rent, taxes, &c., has averaged 2302. a year; this 
inclndes the manager's salary. In 1883, the first whole year of 
working, the loss was 3972. ; in 1887, 1902. ; the loss is therefore 
gradually being rednced. The farm, bdng on an incline (the £edl 
from south to north being about 40 feet), was converted into small 
terraces, necessitating thereby much hand labour. At the top of 
the batters we have lately put fruit-trees — apples, pears, plums, 
gooseberries, currants, &c. ; though but young, nevertheless they 
have borne some exceeding fine fruit, and promise to yield a fiur 
revenua 

The following statistics may here, perhaps, be usefully 
inserted: — 

Aoreage of city, 8891 aores. 

Bateaole yalue of property, 150,000{. 

Death-nite for 1887, 16*4 per 1000; exdnsive of public institatioiis, 14*2. 



1801 


7,197 


1811 


8,697 


1821 


9,995 


1831 


11.217 


1841 


13,896 


1851 


17,636 


1861 


20,995 


1871 


26,766 


1881 


37,312 



Deceimial increase 


percent 


19-4 


16-2 


12-2 


23-9 


26-2 


19-8 


27-5 


39-4 



Ebtimated population in middle of 1888 44,963 

Fl^esent number of houses, 9132. 

„ „ W.G/s, 2934, including 100 in public institutions. 

The following average quinquennial death-rate for the last 
twenty years may be interesting, especially when it is remembered 
that the sewerage works were finished in 1881, in which year the 
house connections were commenced.* The last quinquennial period 
(since 1881) shows a great drop. 





Death-rate 
per 1000. 


Death-rate, exclnslvo 
of public inaUtatioDa. 


1867 to 1871 
1872 to 1876 
1877 to 1881 
1882 to 1886 
1887 
1848 


22-9 
23-9 
23-0 
19-7 
16-4 
240 


201 
211 
20-3 
17-2 
14-2 
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In 1885 ihe Corporation determined to undertake further works 
on acoonnt of the efflavia arising from the farm, the sewage at that 
time being passed on the land in its crude state, i. e. unprecipitated. 
Thej therefore asked Mr. Mansergh, G.E., to report on the matter. 
In an exhaustive report, comparing the advantages of precipitation 
and broad irrigation as affecting our particular circumstances, he 
recommended the carrying of the sewage several miles further out 
of the city to Heighington (by the extension of the rising main) 
and the purchase of more land to add to the &rm ahready in the 
possession of the Board, in fact purchased years ago in contempla- 
tion of such a contingency. The capital outlay of these works 
was estimated at 33,000Z., and the additional annual working cost 
at 15372. In these times of somewhat depressed trade, the 
Corporation felt unwilling to incur such a large expense, though 
persuaded that the scheme was a good one. Anxious to tide over 
the next few years in hope of better times, they asked me to recom- 
mend some temporary expedient. After inspecting various sewage 
works in the country, I recommended (May, 1886) that the sewage 
should be treated with lime and sulphate of alumina, and the sludge 
pressed by filter presses. In the following September we began 
using lime (alone), but as several members of the committee thought 
they should like to see the action of the filter presses for themselves, 
it was not till the following May, 1887, that my report was 
accepted and the works I had recommended a year previously 
ordered to be carried out. I have seen and carefuUy noted the 
work done by presses made by the following firms : S. H, Johnson 
& Go. ; Drake & Muirhead; Manlove, Alliott,Fryer & Co. I had 
recommended the employment of 10 cwt. of lime and 7 cwt. of 
sulphate of alumina per million gallons, and the erection of filter 
presses as patented by Messrs. Manlove, AUiott, Fryer & Co., of 
Nottingham. The capital cost I put at about 26002., and the 
annual expense at 7002., exclusive of any credit for ''cake'' 
sold. 

Thinking it might be useful, I have annexed the tabular state- 
ment accompanying my report of May, 1886, as it shows the 
chemicals used, the cost of treatment and filter pressing, &c., in 
various towns. 

Before recommending Manlove, AUiott, Fryer * Co.'s type of 
filter presses, the advantages of air compression as compart with 
direct acting pumps were considered. But in a paper which only 
professes to be *' Notes on Lincoln Sewerage," this is a question too 
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large to be now adequately discussed. In the old type of presses, 
the blocking of the pump valves has always been tiie lite noir, 
Messrs. Drake and Mnirhead, in their Maidstone presses, claim to 
have overcome the difficulties seemingly inherent in sludge jTumjnn^ 
presses. Of course it is admitted that in pneumatic presses there 
is a loss of power roughly estimated at about one-third. Nevertheless 
it is a moot point whether pneumatic are not preferable to pumping 

Fig. 1. 



Fig 2. 



presses when the grinding action of the pumps, the various stoppages, 
hammering of valves, and the slow speed of working are taken into 
account. Some of the advantages claimed for Messrs. Manlove, 
Alliott, Fryer & Co.'s presses are, the use of air cylinders for 
closing up the ends (thereby saving labour), the great stiffiiess 
afforded by their construction, the square plates economising cloth 
(as a greater area of filter surface can be covered with the same 
roll of cloth), the larger size of central opening for passage of 
sludge (making a longer press possible), the re-use of a portion of 
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the compressed air, tightening both end nuts by downward pressure, 
&C., &c. 
Our Filter Press Works consist of the following buildings : — 



Boiler-houBe 80 6 x 17 

Press-house 44 4 x 26 8 

"Oake"Btore 86 x 17 

/Mixing house 42 x 9 

\Workshop 9 6x90 

Sludge reservoir 55 6 x 8 3 

(under latter two rooms) capacity about 21,000 galls. 

Though the two presses will easily sufiSce for onr requirements 
for several years to come, yet the press-house has been built large 
enough to accommodate another press, the two present rams will 
work three presses ; the machinery also has been arranged to run 
another press when required. The *' cake " store is only of such a 
size as will suffice for our daily make. To construct a large store 
of the same character as our present buildings would be waste, 
something less substantial and costly being sufficient. I am about 
to erect a corrugated iron shed to be placed at the west of the 
present buildings, connected by tram rails ; also two cottages, for 
engine-driver and stoker. As will be seen on inspection, the works 
are on a hillnside. Advantage has been taken of this fact in several 
ways. Instead of pumping the sludge into rams, as is usually done, 
it flows out of reservoir into the rams by gravitation, again, the 
water for the boiler and for cooling the air-compressing cylinder, 
has been brought from the hill above in 2-inch iron pipes^ and, 
lastly, a loading dock for filling carts with sludge has been con- 
structed, with a low-level road, the main carriage road being carried 
over by a bridge. To allow of the sludge flowing into rams, these 
had to be sunk rather low ; the height from bottom of concrete 
foundation to level of platform floor of press-house is 25 feet. The 
foundation is on boiling or running sand, water evidently flowing 
out of the hill over an impervious stratum. To get in the founda- 
tions was a matter of some difficulty, pumping being carried on 
night and day for several weeks. The ram chambers are literally 
in a bath of water 14 feet high, a drain was placed at this level 
(as low as our outlet would permit of) to relieve the pressure. 

The machinery consists of the following : — 

Two 30-celled patent improved sludge presses. 

One improved double-acting air-compresser, 9 inches by 12 
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inches, driven by direct-acting steam-engine, 10 horse-power, 
haying cylinder 10 inches diameter, 12 inches stroke, the whole 
mounted on extra large and strong cylindrical cast-iron receiver ; 
one Cornish boiler, 5 feet diameter, 16 feet long; one exhanst 
steam injector ; one wall donkey pmnp ; two vertical slndge rams, 
4 feet diameter, 12 feet deep, with necessary inlet and outlet 

Fig. 3. 



valves ; and one water tank, holding 600 gallons ; one cast-iron 
mixer, 3 feet diameter, 4 feet deep ; one lime elevator ; one ram 
for forcing lime into rising main, and one 2 horse-power vertical 
engine for driving same. 

The rams and air-compressor were tested np to 200 lb. pressure. 

The following is the probable cost of the works {tiiej are not 
quite finished) : — 

£ 

Buildings 1225 

Filter-presaiiig machinery, inclading lime-Diixer .. .. 1475 
Formation of roads, levelling of terraces, &o. .. .. 200 

£2900 



Additional buildings and machinery have been erected beyond 
those originally intended. 

Though a few tons of ''cake " have been pressed, the machinery 
cannot yet be said to be in ordinary working order. When inspect- 
ing the works this afternoon one press will contain '' cake " ready 
to be removed, and the other press will be empty ready for filling. 
Very good cakes are bemg produced, and the process promises to be 
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quite a saoceB& A press will make 19 cwt. of cake each time of 
charging. We are using ahont 90 lb. of lime per press and 
compressed ah: at 90 lb. pressure, the steam gauge standing at 
45 or 50 lb. 

In the lime-mixer for precipitating, we use 15 cwt per million 
gallons. I have tried half a ton of alnminoferric, made by Messrs. 
Peter Spence & Sons, Manchester, bnt on account of the large 
quantity of sludge now in precipitating tanks, the article has not 
had a fair triaL When this sludge is worked off into *' cake" I 
shall again try the aluminoferric. Formerly we used to run out 
the sludge into open earth tanks, which sometimes gave off terrible 
e£3uyia at certain seasons of the year. Daring the erection of the 
works we interfered with the open tanks and thus accumulated the 
2500 tons of sludge now on hand. We are commencing to sell 
the cake at 38. per one horse load (we hope to make more) ; at 
present we have no weighing machine on the premises, though one 
will shortly be put down. When in full working order we expect 
to get sixteen presses a day, pressing 15 tons of caka Our 
sewage will yield most likely about 60 tons of cake weekly, more 
or lees. From returns in my possession I find it impossible to 
dogmatise on this point. Some people state that two tons of cake 
per week per thousand of population treated is a fair average, but 
this is by no means universally borne out by facts, and is, I think, 
too much. Six days' pressing per week, working ordinary hours, 
will therefore easily do our work. 

The following is the probable annual cost of working, including 
lime-precipitatmg as well as filter-pressing : — 

Diuly fiow of sewage taken at 1,000,000 gallons. 

Annnal Owt 

Lime, 15 owl X 865 days = 274 tons @99. 9(2. .. £133 11 6 

Lime for 2 presses, 15 cwt x 812 days (12 oharges) 

234 tons @ 98. 9<2 114 1 6 

Cloths for 2 presses say 85 

Ck)al, 5 cwt. per day x 312 days = 78 tons @ 8«. 8<2. . . 83 16 

Labour : 1 man 273., 1 man 23«., 1 man 2U., youth 13s. 218 8 

Bepairs, say 40 

Insurance, oil, and sundries, say 85 

£609 17 



As will be seen, no credit is taken for any sale of cake. Elimi- 
nating as far as may be, though it is impossible to do it with perfect 
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accuracy, from the aboTe the cost of lime precipitating, it s 
that the probable cost of cake pressed— taking working es) 
only into account — will be from 2s. to 2«. 3d. per ton. 

I regret that press of work has not permitted me to give * 
more exhaustive paper — one more satisfactory to this Dl 
Meeting and to myself. 



Cake prod 
weeklj 



■ Nor 

I No: 

« 
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Filter Pressei. 




Cake produced 
weekly. 

1 


Price sold at 
per ton. 


Yearly cost 
of Pressing 
per head. 


Total annual 

Net Working Cort 

of sewage treatment per 

Head of Popnlation. 


1 

None 


None 


None 


4J^. 


None 


None 


None 


6^. 


1 None 

i 


None 


None 


Ud. 


! 

; 350 tons 


Given away 


Sd. 


6(2. 


46^ tons 


1/- 


did. 


Hd. 


Not in fall 


working order 


4M. 


&ld. taken at 
12,600 population 


About 90 tons 
1 


from 1/- to 2/6 


Sd. 


Information not 
supplied 


19 tons 


4/- 


About 2d. 


&id. 


100 tons 


Have to pay 
for removal 


2id. 


9d. 


50 tons 


Given away 


6id. 


• • 2/- 




B. 


A. MACBI 


tAIB. 
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SEWERAGE, WATERWORKS, AND BRIDGE 
CONSTRUCTION AT KING'S LYNN. 

By E. G. MAWBEY, AfiS00.M.lN8T.C.E., City Subvbyob, 

YOBK. 

Sewebagb. 

The anihor designed a scheme to collect the whole of the sewage 
of the borongh, and to conyey it to one ont^ at a distance of 
about three-quarters of a mile below the town. 

Several years before the author was appointed, Mr. W. H. Wheeler, 
M. Inst. G.E., of Boston, designed and carried out a scheme of 
sewerage sufficient for about one-third of the built area of the town, 
with ite outMl into an existing sewer, 6 feet diameter, at the 
northern or lower end of the town, belonging to the Dock Com- 
pany, which sewer was previously laid to form the outfall for the 
drainage of a large area of agricultural land. Mr. Wheeler then 
suggested the necessity for an out&ll at some considerable distance 
below the town. 

The sewers constructed in the past, with the exception of those 
designed by Mr. Wheeler, were laid upon no general system. 
There were no less than 28 sewer out&lls, and about 111 private 
drain outlets, into the Harbour, the Fleets, and the Biver Nar, 
falling in as many difTerent directions, and even up to the time 
when the author was appointed new sewers were b^ng laid which 
could not be adopted as part of any proper system. 

The author therefore advised that a scheme of sewerage be 
designed and adopted for the whole of the borough, so that, as far 
as practicable, whatever new sewerage it might be absolutely neces- 
sary to provide should be so laid down and constructed that it would 
eventually form part of a general scheme for the whole town, and 
thereby effect a great saving. 

The auihofs recommendation was adopted by the Corporation, 
and subsequently about 2540 lineal yards of new public sewers 
were laid, besides new drains to nearly all the houses abutting 
thereon, as well as somewhat extensive schemes of new drainage for 

M 
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the Lynn Union Workhouse and the West Norfolk and Lynn 
Hospital^ designed and carried ont by the author, to work into the 
general scheme which he has now to explain to yon. 

The Port of Lynn is situated on the estua^ of the Ouse, dis- 
charging into the Wash. 

The ordinary spring-tides rise and £Edl about 21 feet, and the 
minimum rise and fall of neap tides is about 12 feet. 

The usually highest spring tides rise and fall about 23 to 24 feet, 
and the highest exceptional spring tides about 25 feet. 

The heights of the tides in reference to Ordnance datum are — 

High water of ordinary spring tides 13 * 4, and of neap tides 6 * 7 
above Ordnance datuuL 

Low water of ordinary spring tides is about 7*7, and of neap 
tides about 5 * 3 below Ordnance datum. 

The levels of the sur&ces of the streets and roads of the inhabited 
portion of the borough vary from a minimum of only about 11 feet 
to a maximum of only about 21 above Ordnance datum, and the 
levels of the surfaces at the upper ends or &rthest reach of the 
sewers, where the sewers must necessarily be the highest, are 
invariably the lowest, whilst those parts of the town lying nearest 
to the river and harbour vary from 17 feet to 21 feet above 
Ordnance datum. 

It will therefore be seen that a considerable portion of the 
borough lies much below, and that none of the streets are more 
than about 4*6 above the usually highest spring tide& 

With such an extremely flat and low-lying town, with no possi- 
bility of dividing it into zones with high and low-level outfSdls, it 
is manifestly somewhat difficult to design a scheme for carrying 
the whole of the sewage to one out&ll away from the town, which 
shall provide amply for rain&U and storage, and with such gradients 
and flushing arrangements as will keep the sewers fisdrly free from 
deposit without having recourse to pumping. 

The population of tiie municipal borough and of the village of 
Gaywood, whose sewage runs into the Lynn sewers, was in 1881 
about 19,090. 

The increase of the population of Lynn for the ten years from 
1871 to 1881 was about '6 per cent, per annum, and taking the 
increase for the last six years at the same rate, the present popula- 
tion of Lynn and Gaywood would be about 19,800. Aflgnming 
that the probable fature increase will be about 1^ per cent per 
annum, the population of Lynn and Gaywood in thirty years hence, 
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if that rate of increase was maintained, would be about 30^000, and 
this the author thought sufficient to provide for. 

The total area of the municipal borough as extended by the 
King's Lynn Corporation Act 1880, is 3100 acres. 

The area at present built upon in Lynn and in the village of 
Ctaywood, and now drained by covered sewers, is about 460 acres ; 
there are about an average of 43 persons to the acre for the area 
built upon. 

The author allowed for the probable extended area built upon at 
the same rate of increase as allowed for the population (viz. about 
1^ per cent per annum), making the estunated area built upon 
and drained into covered sewers in thirty years hence about 
700 acres. 

Li calculating for the main sewers a population of 30,000 and 
a drainage area of 700 acres was therefore provided for. 

The system of sewers is, however, so arranged as to form a basis 
for further extension. 

The probable future extended building area is apportioned to 
each district as it seemed to the author likely to grow, and the 
capacities of the sewers are determined accordingly. 

The meanlrainfaU per annum for the twenty-one years 1866- 
1886 has been 27-79 inches, and for the ten years 1877-1886 
29*55 inches. . 

Li the wettest vear (1872) 37*26 inches fell, and in the driest 
year (1874), 20-17 inches. 

During the last ten years the average number of days in a year 
when i inch and less than 1 inch fell within the twenty-four hours 
was 8*6, being eighty-six times in ten years. 

When 1 inch and less than 1^ inches fell, 1*8 days, being 
eighteen times in ten years. 

"When 1^ inches and less than 2 inches fell, 0*2 days, being 
twice in ten years. 

And when 2 inches or over fell, 0*1 day, or once in ten years. 

But in August 1872 there fell in one night 3 - 75 inches. 

Allowing 30 gallons of sewage per head per day, when the 
present waste is stopped as after mentioned, including infiltration 
through the sewers, the daily flow from a population of 30,000 
would be 900,000 gallons, and a mean flow of 625 gallons or 
100 cubic feet per minute. 

The TYiftYinnnTn discharge of sewage proper during the day may, 
however, be taken at 200 cubic feet per minute. 

u 2 
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Two inches of rainfall per day, or twenty-four hours, on 700 
acres amounts to 31,710,000 gallons, and is equal to 22,021 
gallons or 3529 cubic feet per minute. 

The quantity of sewage is, however, so small compared to the 
rainfall which must be provided for (being only about one-seven- 
teenth of its volume), that in speaking of the capacity of the 
sewers the author refers to the rainMl only. 

To give a fisiir idea without compUcated minuteness of the 
efficiency of the proposed sewers, roughly speaking, it may be 
said — 

1. That the whole of a 2-inch rainfall over 700 acres amounts 
to about 32,000,000 gallons. 

2. That the main outfall will be completely tide-locked twice a 
day for an average period of about six hours each tide. 

3. That in an exceedingly flat town like Lynn, and with so 
many macadamised streets and roads, and allowing for absorption 
and evaporation, on very rare occasions, if ever it does happen, 
that more than a volume equal to half the rainMl on the whole 
area reaches the out&ll sewer. 

4. Allowing for half of a 2-inch rainfall in twenty-four hours 
to reach the sewers, if the outfall was never tide-locked, a 
discharging capacity at the rate of 16,000,000 gallons only in 
twenty-four hours would be required. 

5. But as the outfEdl vrill be completely closed about half the 
time, and that consequently when it first becomes open the sewers 
will at times during heavy rain be required not only to discharge 
the water coming in, say, at the estimated isie of 16 million 
gallons in 24 hours, but also at the same time the volume which has 
accumulated and has been stored in the tank sewer during the tide- 
locked period, and considering that for short periods the downpour 
is frequently much greater than at the rate of 2 inches in 24 hours, 
and also to provide amply for the storage of the estimated ultimate 
volume of sewage considerably diluted before bringing the storm 
outlets into play, the author found it necessary in his calculations 
to provide for the sewers to discharge when running fall and the 
outfall free from obstruction, independent of the aid of the storm 
outlets, a volume of storm water and sewage combined equal to the 
rate of the flow of the whole of a rainfall of 2 inches in 24 hours 
from the area (viz. 700 acres) estimated to be built upon in 
30 years hence. 

Bespecting storage capacity, allowing for one half of a rainfall 
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at the rate of 2 inchefi in 24 hours to reach the sewers, the yolume 
which would flow in dnring a tide*locked period of six hours from 
700 acres wonld he nearly 4 million gallons, and &om the 460 
acres at present built upon rather less than 3 million gallons. 

Now the storage capacity of the main outfall sewer and storm out- 
let sewers proposed is rather less than 2,000,000 gallons, therefore 
taking this view of the question they are not too large ; they may 
seem too smaU, but in reality they are not so, because, in the 
eyent of the continuance of a heavy downpour after the sewers 
were full they would soon be relieyed by the storm outlets. 

When Mr. Wheeler's scheme was submitted to the Local 
Government Board it was agreed that in consequence of the 
&cilities afforded by the great rise and fall of the tide, pumping 
power might be dispensed with, and the author therefore found it 
necessary to fall in with that decision. 

He, however, mentioned in his report that pumping would be 
infinitely better than providing storage capacity. 

The separate system is not adopted because of the fSeusility avail- 
able for gettmg rid of the crude sewage at once without fear of 
causing a nuisance, and having regard to the fisu^t that no profit 
would be likely to accrue firom the utilisation of the sewage for its 
manurial value, especially as it would have to be raised for treat- 
ment by pumping power. 

Because of the narrowness of the streets, the very treacherous 
nature of the subsoil throughout the borough, and the consequent 
liability to serious damage to property from subsidence, and also 
to avoid as far as practicable the great expense and risk involved 
in very deep and large sewers, the author divided the system into 
a number of small drainage districts, each district being drained by 
a set of comparatively small sewers, of sufficient capacity only to 
carry off the sewage and rainfall from their own district, and laid 
no deeper than necessary to drain cellars, the trunk sewer of each 
district being intercepted by a deep main intercepting sewer. 

The sewers at or near the head of each district are, where 
practicable, also connected with the main intercepting sewer, by 
which means in some district^ the sewage from the main sewer may 
be diverted for flushing the tributary sewers, and in the event of a 
temporary block in the main intercepting sewer, the sewage would, 
after rising to a certain height, flow safely round the district and 
back into the main sewer, such connections at the same time 
improving the ventilation. 
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The ^hole of ihe sewers are designed to be laid in straight lines 
and uniform gradients from point to point, with manholes as 
inspection and ventilation shafts abont 60 to 70 yards apart, and 
the manholes circular wherever practicabla 

In the districts where portions of the scheme have already 
been carried ont (the old sewers being taken np), and also new 
honse-drains laid wherever efficient glazed pipe drains did not 
exist, disconnecting traps have not been placed on the honse- 
drains leaduxg to the sewers, excepting where the drain passed 
nnder a house, but a 4-inch extracting shaft has been fixed at or 
near the head of every drain, proper means of disconnection with 
the interior of the houses have been adopted, and all sewage inlets 
properly trapped. Wherever in excavating for the new sewers 
the old sewers had to be removed, the old house-drains were 
temporarily connected with the new sewers. 

Now, as to the system of ventilation of sewers adopted, it was 
found that before the new house-drains with their ventilating pipes 
were laid, although the flushing arrangements were in work, very 
unpleasant smells emanated firom the street sur&ce ventilators, but, 
with very few exceptions, such smells have not been felt since the 
new house-drains with their ventilating pipes have been laid and 
connected. 

The exceptions are, — 

Two cases each at the dead ends of short branch sewers. In 
these cases the proposed hydrants for flushing had not been fixed 
and there was a deposit in the sewers ; subsequently the hydrants 
were put down and used, and there have been no complaints 
since. 

In two other cases the manholes were in dose proximity to the 
old defective sewers which were daily back-watered by tidal in- 
fluence. 

Speaking further on ventilation, the two completely new 
systems of drainage before mentioned, designed by the author for 
the Lynn Union Workhouse and the West Norfolk and Lynn 
Hospital, were provided with sur&ce ventilating manhole covers at 
nearly every inspection shaft, even in places where many persons 
pass over daily. These surface ventilators were, however, sup- 
plemented by 4-inch by 6-inch vertical shafts carried above the 
roofs of the respective buildings and each provided with an induced 
current ventilator called the " Climax." 

The author made many personal inspections and inquiries of 
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these openHsnr^ ventilators when residing in Lynn, and only 
a few weeks ago farther inquiries were made respecting them by 
Mr. Silcock, with the result that at no time has any nnisanoe 
been experienced. 

The author must, however, also mention, that practically every 
part of each of these systems is flushed by automatic syphon 
flushing tanks, either in special chambers at the head of the drain, 
or in connection with trough closets, which syphons and syphon 
tanks were supplied by Messrs. Adams & Go. of York and London. 

The new sewers required to complete the whole system is 
3 miles 216 yards of brick sewers, and 9 miles 1 farlong 91 
yards of pipe sewers, making altogether in the whole scheme, 
exclusive of the dock culverts, old sewers utilized as storm outlets, 
and the pipe sewers in private streets, alengthof 4 miles 3 forlongs 
132 yards of brick sewers, and 10 miles 6 forloogs 120 yards of 
pipe sewers, and a total of 15 miles 2 furlongs 32 yarda 

In order to make the periods during which the main outlet is 
free firom tidal obstruction as long as possible, the author kept its 
inverts up as high as the levels of the town will admit of, even at 
the expense of the gradient, depending on flushing rather than 
having it constantly backwatered. 

Ample means of flushing are provided, as hereinafber set forth. 

The level of the invert of the proposed outM is about 6 inches 
above low-water neap tides, and about 2 feet 9 inches above low- 
water spring tides. 

The storage capacity of the proposed main-trunk sewer is, as 
before-mentioned, nearly 2,000,000 gallons, or more than twice the 
whole quantity of the flow of sewage proper in 24 hours from a 
population of 30,000, allowing 30 gallons per head, and the sewers 
are capable of discharging (twice in 24 hours) about 2,000,000 
gallons in less than 1^ hours when the out&ll is quite free ; but the 
discharge would commence as soon as the tide fell below the height 
that the sewage was dammed up in the sewers, and would continue 
for some time after the rising tide reached the invert, the duration 
of the discharge each tide varying in proportion to the quantity of 
rainfiEkll reaching the sewers, being about six hours more or less. 

The gradient of the circular brick outfall tank sewer is such as 
will give a velocity of rather over 2 feet per second when running 
half full or fall, and of the oval brick sewers mostly such as will 
give a velocity of about 2 feet per second when running full, and 
rather more when running two-thirds fall, and of the pipe sewers 
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velocities of about 2^ feet to 3 feet per second when running balf 
foUorfoU. 

There need be no fear as to deposit in the sewers if attended to, 
for the available flushing power is so great that there wonld be no 
difiScnlty in letting in sufficient water to obtain the above velocities 
at any moment when the tide is out. 

The tank-sewer &om the ouiML is 6 feet in diameter, diminish- 
ing to 5 feet 6 inches diameter. The remaining brick sewers 
are egg-ehaped« 

A small outlying district is proposed to be provided with a gas 
engine for lifting the sewage into the main system. 

Storm outlet sewers are provided to carry off from the main 
sewer of each district into the harbour or into the river Nar, as the 
case may be, at the nearest points the eztraordmary flow of storm 
water during heavy raina 

The author has so arranged the location and levels that by 
putting in either of the storm outlet sewers for its particular 
district it would answer temporarily as an out&ll for any of the 
new sewers proposed which it may be found absolutely necessary 
to lay before the whole scheme were carried out. 

At the head of each district an automatic syphon flushing tank 
is to be constructed, supplied with a constant dribble of water from 
the mains by an efficient disconnecting arrangement. 

The levels of the inverts at the junctions of the tributary sewers 
are so arranged that by means of flushing blocks fixed on the out- 
lets (and balance valves on the inlets) the flow may be diverted so 
as to flush alternately most of the sewers of the district from the 
tank at the head of district, the supply bemg adjusted so that the 
tanks will be automatically discharged about low-water time. 

Short branch sewers, which cannot be flushed by the district 
tank or tanks, are to be flushed with water, suddenly discharged 
from a manhole (in some cases where shallow the capacity bdng 
increased by a length of 21-inch or 24-inch pipes surrounded with 
concrete) provided with a flushing block, and also with a balance 
valve when not at the head of the sewer, the manhole being filled 
from a hydrant dose by (purposely put down) by means of a stand 
pipe and short lengUi of hose, and a fluslung block fixed to the 
outlet of most of the manholes. 

Means of flushing are provided where practicable from open 
water-courses, also by flushing gates fixed at proper intervals in 
the sewers at the manholes. 
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The whole scheme was estimated to cost about 40,000Z. 

Under the town and oTerlying the blue clay, at depths of 
about 13 feet to 22 feet below the raised street surfaces, but only 
about 6 feet to 8 feet below the surface of the naturally formed 
marsh outside the borough, and varying in its levels or elevations 
only about 5 feet, is a layer of peat, the remains of the forest, and 
overlying the peat are beds of loam (originally warp), black silt, 
shingle, &c., which have been deposited by the action of the sea 
before the area on which the town stands was reclaimed. 

Over the loam, silt, &c., the surfaces of most of the inhabited 
parts of the borough have been raised about 5 feet more or less* 
(in some places much more) with a " made soil " (now black), brick, 
rubbish, &c. 

In consequence of the considerable vibration under even ordinary 
traffic in some parts of the town, the author, in taking levels, fre- 
quently found it very difficult to obtain accurate readings. 

The whole of the soil above the peat is so loose and contains so 
much water, that the author found by experience with it, to avoid 
serious damage to the streets and buildings, sewer trenches had to 
be very efficiently timbered from the surface downwards, and the 
bulk of the timber has to be left in. 

He has found that if even the first setting of timber at the top 
of the trench is removed, a fissure soon appears between the 
footway paving and the front walls of the adjoining buildings. 

Watebwobks. 

On the 12th of October, 1883, only a few weeks after the author 
had been appointed Borough and Water Engineer and Surveyor, 
he was directed to prepare a scheme for providing a supply of 
wholesome water for the inhabitants of the town, the water at this 
time being so much polluted that handbills were circulated advising 
the public to boil and filter the water before use. 

The author and his staff had to work day and night to get the 
scheme ready in time for application to Parliament, and on the 
2nd of November the Council adopted the scheme and unanimously 
resolved that a Bill be promoted, and the Parliamentary plans were 
prepared and deposited. 

At a pubUc meeting, however, a majority of the ratepayers 
present, whilst approving of the scheme, voted against the outlay 
proposed, although it was shown that the annual saving in the 
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working expenses in the new system and the saving effected 
by the stopping of the enormous waste would be nearly snfBcient 
to repay the principal and interest; the ratepayers refused to 
abandon pollnted for wholesome water, although they might have 
had it for next to nothing. 

The water is derived from a stream called the Gajrwood Biver, 
which rises at a place called Well Hall, at the ontcrop of the 
chalk, at a distance of about seven miles, the water being at Lynn 
pumped without filtration direct into the mains, there being an 
open-topped stand-pipe abont 106 feet high. 

At present no proper provision exists for filtration, there being 
only two small beds, which simply act as strainers, and prevent 
extraneous matter &om entering the mains. 

Even when both these filters are working the water passes 
through at the rate of about 1 inch in depth per minute, instead 
of 4 inches per hour, as is required for good filtration. 

This same channel which conveys the drinking water also acts 
as the main outfall drain for the sewage from a population of about 
1800, and for the drainage of most of the farmyards within the 
watershed of the valley, and the impurities washed off of several 
thousand acres of land, such as manure, vegetable debris, and 
animal excreta. 

The author has seen the sewage from public-house urinals, over- 
flowing privy cesspools, house-sinks and slop-drains — ^including 
drains from the larger houses, where in some cases water-closets 
are in use — a number of farmyards with piggeries, stables, cattle- 
sheds, dung-pits, &c. — all flowing direct into the small tributary 
streams leading to the river. 

Many common privies are built on the banks of these small 
streams. 

The waterings where the cattle drink and stand in the water are 
also fruitful sources of pollution; but the worst case is the 
Grimston Churchyard, where there are some twenty-five bodies 
buried annually in the thin stratum of chalk, dose to the outcrop, 
where one of the springs issues from under the churchyard. 

During the dry weather the sewage and other contamination 
passes very slowly into the stream, as it stagnates and decomposes 
in the ditches, ponds, and &rmyards until the rainfall carries it 
forward, when the colour alone of the water in the river is sufficient 
evidence of its character. 

The effect of these causes of pollution is, of course, most per- 
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oeptible in dxj weather and after a long period of drought, when it 
beoomeB injurious because of the diminished volume of the springs. 

At such a time the activity of vegetable and animal life, and of 
the various causes of decomposition and putrefaction are most rife, 
but the most dangerous state of the river under such conditions is 
when rain sets in and brings down the foul liquid which has been 
accumulating in the stagnant dykes and ponds. 

The description of the sources of pollution might convey the idea 
to some that it would be hardly possible to use the water for drink- 
ing purposes, and such would be the case were it not for the 
purifying effect of oxidation. 

It is doubtless totally unfit for domestic consumption, as has been 
frequently proved by analysis, but as neither the available dilution 
or oxidation would destroy germs of disease, in the event of a 
serious outbreak in either of the villages whose sewage indirectly 
reaches the river, the inhabitants of Lynn would obviously be in 
great danger, as has previously been the case, for in one instance an 
outbreak of dysentery in one of these villages was speedily followed 
by a similar outbreak in Lynn, and a like experience happened 
on another occasion, the result of an epidemic of typhoid fever. 

The average deatii-rate has for the last few years been about 22, 
which is high for a town like Lynn. 

With regard to the means of providing wholesome water, the 
author was of opinion that no practical amount of filtration would 
render the present supply safe and fit for domestic purposes, and 
therefore advised that the only satisfactory means of obtaining a 
supply of really wholesome water was to tstke it at once from the 
springs at Well Hall, where it issues from the chalL 

The quality of this water is undoubtedly excellent. By the 
analysis of Dr. Dupre it was found to be 18 d^ees of hardness, 
and at another time, by that of Mr. William Johnstone, F.C.S., 
17-6. 

The outcrop of the chalk at or within a few feet of the surface 
extends a considerable distance, and in several places within a dis- 
tance of about one mile the water flows out in considerable volume 
into the naturally formed water-courses. 

The author took levels of these springs, and found that they 
varied only about 14 inches, the Well HaU spring (the chief source 
of the Gaywood Biver), which yields the greater quantity, being 
the lowest. 

An abundant supply can be obtained wherever the outcrop is 
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broken into, whioh can be amply augmented by adits or deep open 
trenches at sufficiently low levels. 

In case there was any difficulty in arranging on reasonable terms 
for abstracting water from either of these defined channels without 
special parliamentary powers, it would have been only necessary to 
purchase by agreement a piece of land, including a length of the 
outcrop, and to sink wells, drive adits, or cut trenches, and lay 
perforated pipes to the pumping well. 

The Well Hall springs alone yield a sufficient supply. The 
author gauged these springs when low, and found that they were 
discharging at the rate of 1,680,000 gallons in twenty-four hours. 
The supply might be readily increased if necessary by breaking 
into the chalk. 

The level of the water at the springs is 81 feet above the average 
level of Lynn streets, and the surface of the water in the proposed 
service reservoir would have been 131 feet above the same, this 
being the greatest available height. 

The pumping-station was proposed to be at the springs, the 
water to be forced up into a service-reservoir on the hill about 
three-quarters of a mile distant, and from thence to gravitate 
through a service main laid on the road side to Lynn. 

It was proposed to lay a 15-inch main from the service reservoir 
to Lynn, which would discharge at the average level at which it 
would be drawn off AiUy 901,000 gallons in 12 hours, which, at 
25 gallons per head, would supply a population of over 36,000, and 
this the author considered sufficient to provide for. 

This maximum discharge in 12 hours would, however, be attended 
with the loss of pressure. 

The rising main from the Well Hall springs to the service- 
reservoir, allowing a velocity of 3 feet per second, to deUver about 
the same quantity as the gravitatmg main was to be 18 inches in 
diameter. 

The service-reservoir, designed to hold 750,000 gallons, was to 
be constructed of brickwork and Portland cement concrete and 
covered. 

The author proposed two horizontal compound engines which, 
when both working, would be capable of raising 1300 gallons 
100 feet high per minute, and working 70 hours a week would 
supply a population of 31,200, and workmg 84 hours a week an 
average of 12 hours a day would supply a population of 37,440. 
These two engines would then raise as mudi as the 15-inch main 
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would discharge, without night pumping, excepting during the 
repairs, when one engine, working extra hours, would do the 
work. 

One of these engines would, however, raise sufficient water for 
the present population. 

The net horse-power required to raise the water, including the 
friction in the rising main, was ahout 43 ; two engines of 25 horse- 
power each, to allow a good margin, were therefore proposed. 

There were to be two Cornish boilers, each 24 feet long and 
6 feet in diameter. 

The works, including a cottage, land, and engineering sundry 
expenses, were estimated to cost 30,000Z. 

On commencing duties at Lynn the author discovered that the 
water mains throughout the town were for flushing purposes, and 
for draining the mains during repairs connected with the old 
system of sewers 3-inch, 4-inch, and 5-inch branches were carried 
into the sewers. The obvious danger of this arrangement being 
that whenever the mains were empty, or nearly so, for repairs, &c., 
the partial vacuum in the mains caused a powerful incurrent which 
sucked in at a tremendous velocity the sewer air, and probably 
sewage, through any valves which might be slightly defective or 
left not securely turned off. 

The author succeeded in getting these communications im- 
mediately cut off. 

In 1884 the author drew up regulations for the prevention of 
waste, misuse, and contamination of the water whicli with some 
modifications were confirmed by the Local Government Board. 

He also induced the Corporation to have a sample and testing- 
room provided, and no fittings of any description were allowed to 
be used until inspected and tested. 

At this time the consumption was about 70 gallons per head per 
day, and the author strongly advised the Corporation to adopt and 
carry into effect a systematic means for stopping the waste, and 
ultimately in June 1886 obtamed permission to operate upon one 
district. 

He, however, first of all had a house-to-house inspection made, 
and a list prepared of the number of each description of fittings in 
every house in the borough. 

A district comprising 106 houses and a population of 503, 
was then set out on a block plan upon which every house was 
shown to the i^th scale. 
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The district was provided with a sloice-yalye at each extremity 
by which it could be completely shut off. On each side of one 
of these sluice-valves a hydrant VTas fixed, and on every hoose^ 
service pipe (under the footway), a Hayward Tyler's Southampton 
pattern sqiiare-headed stop-cock was fixed (in all 57), at the 
expense of the Corporation. 

The hydrants also answered for fire-extinguishing purposes, 
street watering, &c. 

The cost of the stop-cocks was as follows : — 





} Inch. 


finch. 


ilnoh. 


Flnmbei^s price for oockHSoldered joints, labour^ 
and fire / 

Examination and filling in and making good^ 
paving, &c j 

Surface box for footway 


4 10 

5 
1 3 


«. d. 

5 10 

5 
1 8 


«. d. 

6 8 

5 
1 3 




11 1 


12 1 


12 6 



Instead of incurring the expense of a separate meter for each 
district, a Guest and Ghrime's recording apparatus attached to their 
Siemen and Adamson's patent water-meter with clock arrangement 
was used, it being fixed between the two hydrants before mentioned, 
and attached to them by means of short lengths of hose fitted with 
ordinary screw couplings to the hydrants. 

The quantity of water passing into the district is recorded on 
ribbon paper which passes at an uniform speed through a pair of 
rollers driven by the clock. The pencil which marks the dktgram 
and denotes the number of gallons of water passing through the 
meter hourly is driven by the water-meter. 

The total quantity of vrater passing during each test is also 
registered in the ordinary way by the dial of the meter. 

The rollers revolve once an hour. At each revolution a dot is 
marked on the ribbon-paper indicating the hour. Each diagonal 
line of the pencil represents 500 gallons of water, and this is sub- 
divided into 100 gallons by the horizontal lines on the ribbon-paper. 

The quantity of water passing at any hour is therefore very 
clearly ^own. 

The author found this meter to work admirably. 

To make sure that each service-pipe in use was supplied with a 
stop-cock, the whole of the stop-taps were closed, and then every 
tap in the district was tested. 
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The operation of detecting the waste was as follows : — 

The meter was fixed at 6 p.m. (the sluice yalve at the opposite 
end of the district being closed), and was removed at 6 p.m. the 
following day. 

In this district, on the first testing, before any inspection of 
fittmgs had been made, the consumption per head per twenty-four 
hours was 42*24 gallons, and assuming that the least quantity of 
water which flowed into the district per hour during the night 
represented the waste, this quantity, multiplied by twenty-four 
hours, equalled a probable waste of 20^27 gallons per head per 
day. 

Shortly afterwards an inspection was made, commencing at the 
first stop-cock at 2.25 a.m., and finishing at 4.45 a.m. 

A Tylor & Son's patent bell waterphone was used, by which 
each stop-cock was stetheoscoped. 

The stop-cock was first sounded when open and then when 
shut. Whenever a noise was heard, which ceased when the stop- 
cock was closed, the leakage was evidently on the house side. 

If, however, the noise continued when the cock was closed, the 
waste was taking place on the water-main side of the cock, which 
might be either from the service-pipe, the main itself, or from 
some other service-pipe close by (which, however, was easily dis- 
covered), the observation being noted in an inspection book. 

A day or two later, which should have been the following 
day, the premises only where a noise was heard were visited, the 
waterphone being again used. 

Any small matter, such as putting a leather on a tap, was done 
by the inspector. In some cases no waste was detected, showing 
that a tap must have been left running. Where waste was de- 
tected, notice to repair fittings was at once served. 

The result of the operation on this district was that without in 
any way restricting the legitimate use of the water, the consump- 
tion of a population of about 500 persons was reduced by the first 
application of the system to 16 * 70 gallons per head per day ; and 
to effect this reduction, in ten cases only in this district were 
alterations or repairs to fittings required. 

Below are specimens of the form of book used by the day and 
night inspectors, and also of the Waste Detection Ledger, but in 
the latter, on the opposite page, the diagrams were pasted. 

During the time the author was at Lynn considerable extension 
and renewal of the water mains were carried out. 
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In all cases before coyering np, each length of pipes was tested 
by water pressure. 

A great number of hydrants were also put down. These were 
supplied by the Glenfield Company, Kilmarnock, described in their 
catflJogue as No. C. 28, and were found to answer admirably, 
although the cost was only about half that of the sluice-yalye 
hydrants. 

The author must, however, say that were the expenses not 
limited he would prefer the latter. 

The author believes this work is being ably continued by his 
successor, Mr. E. J. Silcock, Assoc. M. Inst. C.E., the present 
Borough and Water Engineer and Surveyor. 

Iron Bbidge. 

Over the tidal river Nar, at the point where it crosses the 
Wisbech main road, an iron highway bridge, designed and super- 
intended by the author, has been constructed in lieu of an old 
wooden structure which crossed the stream at this place, and 
which from decay had become unsafe. 

The author prepared two alternative designs, one for an iron 
lattice girder bridge of one span, resting on abutments of masonry 
and piling, estimated to cost 4100Z., and the other for an iron lattice 
girder bridge of one span, supported on four cast-iron cylinders, 
estimated to cost 3500Z. 

The design adopted was for a three-span wrought-iron lattice 
girder skew-bridge, with a waterway of 113 feet, two of the spans 
being 34 feet and one 45 feet 

The bridge is supported on 16-inch cast-iron screw-piles with 
flange joints, of which there are four rows. 

On the piles are placed horizontal transverse wrought-iron 
girders 18 inches deep, and on these are laid six longitudinal 
plate girders 2 feet 6 inches deep, with top and bottom flanges 
12 inches wide, 5 feet from centre to centre. 

The floor of the bridge is formed of wrought-iron inverted f -inch 
curved plates, riveted on to the upper flanges of the longitudinal 
girders. 

The longitudinal girders usually placed under each parapet of a 
bridge of this kind are dispensed with, the parapets being formed of 
wrought-iron lattice girders, which are made to carry half of the 
footway by riveting the floor plates to their lower flanges or booms. 
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The lattice girders rest on short cast-iron stanchions carried np 
from the top of the piles, and haying bed-plates npon them. 

Under these girders are light cast-iron arched ribs of ^-inch 
metal 

Fig. 4, 




SCBEW PiLS. 

At each end of the lattice-girder parapet are two cast-iron 
monlded pillars, each of which is snrmonnted by an ornamental 
lamp pillu: with circolar lantern. 

At the narrowest part over the centre span the width of the 
carriage-way is 23 feet, with a 5 feet 3 inch footpath on each side. 

At the approaches both the carriage-way and footpaths are 
wider. 

The roadway consists of Portland cement concrete, of an average 
thickness of 9 inches, laid upon the curved iron plates, covered 
with granite macadam 4 inches thick. 

The concrete work is also continued under the footways, which 
are formed of dressed and chamfered Mountsorrel granite kerbing 
(Mr. Gordon's Leicester pattern), and paved with Wilkinson & 
Son's Portland cement concrete flags, 2^ inches thicL 

The earthwork under the approaches is retained by concrete 
walling. 

The author's chief object in including this bridge in this paper 
is to give some particulars of the pile screwing, it being a kind of 
work not daily met with. 

An abridged specification of this bridge was published in the 
Contract Jowmal of the 4th February, 1885, and it was more 
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fdlly described and illustrated in the same jonrnal, dated Jane 9tb, 
1886, but the following particnlars have not been published. 

The moving load was calculated at 200 lbs. per foot super, and 
the structure at 134 Iba per foot super^ making a total or working 
load of 3 cwts. per foot super. 

This gives a good margin, but there are a great number of 
heavy traction engines pass over this bridge, and the possible 
maximum load by such was the basis taken. 

PHiB Screwing. 

The piles were screwed by means of a cast-iron capstan 4 feet 
in diameter, with eight 6-inch by 6-inch hardwood radial bars 
9 feet long, from centre of capstan to extremity. 

The capstan was bolted to the upper flange of the pile. The 
top and bottom plates of the capstan were 1^ inches thick, and the 
divisions or sides of the radial bar sockets were 1 inch thick. 

The bars were braced together at their extremities by chains. 

In the end of each bar were two wedge-shaped grooves, into 
which two ropes were passed round the radial bars in opposite 
directions and attached to two ordinary double-purchase crabs. 

The power required varied according to the nature of the strata 
and the depth of the pile from two men to eacb crab at single 
purchase to nearly the strength of four men at each crab at double 
purchase, but with this greater power both the radial bars and the 
piles occasionally broke. 

In all five pQes were broken, and each fracture occurred at a 
bolt-hole in the flange of the top length. 

The old timber bridge was used as staging for the new iron 
bridga 

For each land-pile a hole some 5 to 8 feet deep was excavated. 
The pile was then placed in position and a rough framework of 
guide timbers fixed in the bottom of the hole. 

Another set of guide timbers was fixed around tha pile at the 
stage leveL 

When the pile set was not at a convenient height above the 
staging for screwing, a short length specially cast for the purpose 
was used. 

The piles in the stream were set within securely fixed guide 
timbers just above low water, where the piles were fixed, in addition 
to the guide timbers at the stage level 

K 2 
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Considerable difficulty was, in some cases, experienced in keeping 
the piles in position. In such cases they had to be occasionally 
screwed np and down several feet, and daring this operation struts 



I 




and wedges were used, and sometimes a chain so fixed round the 
new pile and secured to a pile of the old bridge that, as the new 
pile reyolyed the chain tightened and drew it into position. 

Another method adopted was to draw the pile in the direction 
required by means of a screw-shackle in a chain. 
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Some of the piles had to be weighted. 

The following table gives particulars of the screwing : — 



No. of 
PUe. 


Length of 
Pileftom 
Top of Cap. 


Depth of 
Pile screwed 

throngh 
groundbe- 
low bottom 

of Hole. 


Depth 

of&re 

left In 

Pile when 

Screwed. 


Nomber 

ofRe- 

VQ}atlonB. 


Depth 
screwed per 
Bevolation. 


Time Screwing 
per Revelation. 


Number 
of Days 

Working 
at Pile. 




feet 


feet 


feet 




inches 


minntes 




1 


8800 


28-67 


10 17 


30 


2f to7 
* >, 8i 


5 to 35 


8 


2 


85-00 


25-50 


5-50 


56 


7 „ 80 


6 


8 


3500 


24-50 


7-75 


45 


If „ 7^ 
3* „ 7 


6 „ 21 


4 


4 


85 00 


19-58 


7-83 


80 


n:'i 


8 


5 


87-88 


20-36 


9-78 


17 


6* „ 8 


2 


6 


87-00 


18.25 


7-50 


26 


6 „ 8 


6* » 22* 


4 


7 


84-06 


15 -81 


7-56 


14 


5* „ 7* 

2* „ 8i 


7 „44 


2 


8 


3700 


19-75 


13-00 


28J 


6 „25 


8 


9 


87-00 


22-21 


12-21 


27i 


8*„ 8* 


5 „45 


4 


10 


83-86 


17-82 


■, , 










11 


34-82 


16-82 


4-57 


14J 


SJV, 8* 


10 ,','71* 


2 


12 


8700 


2000 


3-75 


21 


4^8* 


2* „ 85 


8 


18 


2203 


1308 


5-36 


13* 


2* n7 


16 „ 41* 


2 


14 


20-95 


12-87 


3-70 


88} 


*»7* 
2* h6 


7 „ 43 


8 


15 


£0-89 


12-31 


8-06 


22 


5 „48 


2 


16 


21-00 


13 00 


3-75 


17 


8 „6 


8* „ 39 


2 


17 


21-10 


12* 10 


4-10 


21* 


2f.9J 


10 „40 


2 



It will be seen from this table that the piles Nos. 1 to 12 in- 
clnsiye vary only about 3 feet to 4 feet in depth. These piles 
consist o[ one row of land piles and two rows of piles in therbed, 
whilst piles Nos. 13 to 17 inclusive, the row of piles on the^^tber 
side of the river, are considerably shorter in consequence of its 
being found almost impracticable to screw them to a greater depth 
through the very fine silt met with and below-mentioned. 

The strata through which the land piles Noa 1 to 4 inclusive 
were screwed consisted more or less of : L 5 feet of wet silty clay ; 
iL 1 foot of peat; iii. 2 feet 6 inches clay and peat mixed; 
iv. 7 inches of peat ; v. 14 feet of light blue clay ; vi. 2 inches of 
sand; vii 3 inches of clay and shingle; viii. 2 inches of Hght 
blue day and flints; ix. 6 inches light clay mixed with chaUc; 
X. 6 inches light clay mixed with flints; xi. 8 inches dark clay 
and chalk with small stones ; xii. 3 inches sand, clay, and flints ; 
xiii. 2 inches sand and clay ; and xiv. dark blue stifl' clay. 

The piles, Nos. 5 to 12 inclusive, were screwed into strata 
Nos. iv. to xiv., and the whole of the stratum through which the 
piles Nos. 13 to 17 were screwed consisted of extremely fine light 
brown silt, mixed with a small proportion of black silt 
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To compensate for the shallow depth of the last four piles, the 
concrete retaining wall to the approach was constructed directly 
under the transverse girder, thereby affording a bearing surface the 
whole width of the bridge. 

In screwing through the top bed of soft silty clay the piles sunk 
about 6 inches to 7 inches per revolution in 5 to 8 minutes, whilst 
through clay mixed with flint stones up to 2 inches across, at a 
greater dep^, only ^ inch to 1 inch per revolution was sunk in 
7 to 12 minutes. In the dark, stiff, blue clay, without stones, at 
the greatest depth the piles sank 6 inches to 7 inches per revolution 
in 20 to 35 minutes. 

In one or two cases, however, the pile sank about 7^ inches per 
revolution in this stratum in 40 minutes. 

In screwing through extremely fine silt the piles sank in the 
first half of the depth 8^ inches to 7 inches per revolution in an 
average of 16 minutes, whilst in the lower half towards the greatest 
depth screwed they sank on an average of about 5 inches per 
revolution in 42 minutes, with four men on each crab, working at 
double purchase. One pile broke during the operation. 

The pitch of the screw of the pile was about 9 inches. 

Cost of SoBEwnra Piles. 

Staff— Eleven men and a foreman ; wages about 13Z. per week. 

Total number of feet screwed into solid ground, including that 
excavated, 425 feet. 

Average to each pile, ditto ditto, 25 feet. 

Labour only — ^Total cost of screwing, including all labour of 
every description, 145Z. 

Average cost per pile, 81. IDs. 

Average cost per foot depth screwed and excavated, 6a lOdE. 

The above costs include, — 

Constructing guides: — Boiling castings into position; bolting 
on capstan and putting in bars, &c. ; placing crabs in position ; 
removing stumps of old piles, average per pile (2«. 6(2.) ; actual 
screwing and excavation and supervision. 

The bridge was tested by four traction engines, weighing in all 
about 54 tons, which steamed over two abreast as dose up to each 
other as possible. 

The greatest deflection observed during the test was barely -^th 
of an inch, and the girder resumed its original position. 
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Careful levels were taken on the parapet girders on each side of 
the bridge over each row of piles directly after the opening, and 
again about fifteen months later, when it was fonnd that there was 
no difference whatever. 

A temporary wooden bridge was constmcted, to accommodate 
the traffic whilst the new bridge was being erected, at a cost of 
1651 

I may here mention that the cost of driving the piles for the 
temporary bridge was about dj^d. per foot cube for the whole of 
the baulk, the piles being about 30 feet long and driven about 
15 feet into the soil 

The principal contractors were Messrs. Goddard & Massey of 
Nottingham, and the sub-contractors for pavmg concrete work and 
the temporary bridge were Messrs. Bardell Bros, of Lynn. 

The cost of the work was 32002. 

Mr. H. Geo. Coales acted as Besident Engineer. 
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DISCUSSION. 

Mr. E. BuoKHi^H (Hon. Sec.) : I rise, Sir, simply for the piirpode 
of opening the discussion. In the first place, I should like to thank 
Mr. MacBrair most sincerely for his paper, and also for the very 
able assistance he has given me in arranging this meeting. Mr. 
Mawbey has been particalarly kind, becanse on two occasions he 
came forward and assisted ns by preparing papers. I will just say 
a word or two abont one or two points in Mr. Mawbey's paper. 
First as to water-closets, I should like to know whether, in the case 
of the drainage of King's Lynn, the construction of water-closets 
in connection with the house-drainage arrangements was com- 
pulsory ; and whether the whole of the house drainage was carried 
out under any special powers, or whether it was merely dealt with 
under the ordinary powers provided for in the Public Health Act ? 
With regard to the mode of construction I fully agree with the 
author of the paper, that disconnecting syphons fixed between the 
house and the sewer are more or less objectionable. I have had a 
good deal to do with house drainage in my time. I have super- 
intended the drainage of 60u0 houses, and have only used syphons 
in exceptional cases. The plan I haYealwa3rB adopted is to discon- 
nect all drains from the house by trap gullies outside, and in the 
case of water-closets to carry a ventilating pipe of the same size as 
the waste pipe up above the roof of the house. Just a word ]as to 
flushing and ventilation. Our sewers were, in the fijrst instance, 
ventilated by open gratings level with the street surface, but in 
consequence of the continual complaints of the nuisances arising 
from these openings we decided to try some little improvement 
After a great deal of consideration I decided to erect ventilating 
shafts which were carried up the gables of houses or other suitable 
places, so that the outlet of the pipe was in a position which did 
not endanger the health of the occupants of that or the adjoining 
property. I have also lately designed, or rather adapted, one of 
our ordinary lamp columns for sewerage ventilating purposes. I 
should like to have been able to have presented you with a drawing. 
It is a very simple thing — the hollow in the column acts as an 
upright shaft, and then the terminal air-cap is perforated with a 
series of openings about an inch square, the area of which is about 
twice the area of the inside of the column. They are fixed in safe 
positions in the high parts of the town, on the suburban roads 
where there are villa residences with large gardens in front. Of 
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course to fix these ventilators in narrow streets in central parts of 
the town, would he objectionable, bat in the places I have described 
there is no danger whatever, and I have fixed them with consider- 
able success. We want as £ar as we can to be very careful in 
adopting any kind of patent column lamp ventilators. The column 
lately patented by Messrs. Holman and Keeling is an iron column 
something after the appearance of a lamp column with an atmo- 
spheric gas-burner at the top. This is supposed by the heat to 
create a current and induce ventilation, and at the same time to 
bum or annihilate all objectionable gases. I have no doubt it 
would work very well, but my objection to it is the cost. I estimate 
that at the very lowest in my town (Ipswich) we should require 
500, and the first cost of 500 columns of that kind, coupled with 
the annual cost, would be something considerable ; because, you 
must remember, they will always be going, day and night, from 
year 8 end to year's end. One wants to be very careful before 
adopting a thing of that kind to fully count the cost. In my 
opinion there is no need for it. I believe that the simple system of 
vertical shafts with hollow lamp columns in proper positions is all 
the ventilation that a system of sewers requires in towns. A word 
as to flushing. Flushing and ventilation are almost inseparable^ 
because by keeping the temperature low in the sewers, as you do 
by flushing, you reduce very considerably the generation of objec- 
tionable gases. I always look upon flushing more as a means of 
purification, and as an adjunct to ventilation, than as a means of 
removing obstructions in the sewer. Of course to some extent 
flushing does remove obstruction in the sewer, where you get a 
good head of water and good gradients, but I look upon it as more 
valuable as a means of purification than as a means of removing 
obstructions. Some time ago I made extensive inquiries as to the 
means of ventilating sewers adopted in difierent towns throughout 
the country. I applied to thirty or forty towns, and I found that 
open gratings level with the street surface and vertical shafts, and 
also chimney shafts were the means most adopted, and in my 
judgment, up to the present time that plan has not been improved 
upon by any patent or other process which has been brought to 
the knowledge of sanitary engineers. 

Mr. A. M. FowLBB : Just two points, to follow Mr. Buckham 
with regard to the ventilation of sewers. Of course this is a very 
serious question nowadays — it is a question to which of necessity 
we must give very great attentioa For myself, I think there is 
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Bomething really wanted in the perfection of onr work in the first 
instance. I don't contend that sewers reqnire no ventilation, but 
I say if they are properly laid they require very little ventilation. 
If the joints of the sewers are properly made and the sewers are 
truly laid, the sewage does not get rotten^ and there is not a large 
amount of foul gas thrown off. One point in the proper laying of 
sewers is to see that you do not get the cement squeezed through 
the joints and so obstruct the flow of the sewage. With regard to 
the rainfall, and the quantity of water which entered the sewers, 
Mr. Mawbey mentioned a continuous rainfiJl of twenty-four hours. 
I contend that this is not of much consequence ; it is the heavy 
storms that you have to provide for. It may rain for a week, or a 
month, if you like^ if it comes down in a continuous drizzle, and it 
won't affect the sewers, but if you get a very heavy thunderstorm, 
such as the people in large towns are two well acquainted with, it 
is then that the capabilities of the storm outlets are put to the test. 
In Leeds I have had to alter the sewers to adapt them, not to the 
rain which would fall in twenty-four hours, but to a single thunder- 
storm. Our information with regard to heavy showers in different 
parts of England is very meagre indeed, and it would be a very 
good thing if members would put down a lain gauge recording in 
their different districts the amount of rain &lling in a given time 
so that they might have something to guide them when they were 
regulating the capacity of their sewers to the heavy rainffidL 

Mr. W. H. Wheeler, after thanking Mr. MacBrair and Mr. 
Mawbey for their papers, said : As my name has been men- 
tioned in connection with the King's Lynn works, perhaps I 
may be allowed to say that I consider pumping would be more 
satisfactory than gravitation in a town situated like Lynn. The 
great obstacle, of course, is the expense, and this in a town like 
Lynn, which depends ahnost entirely upon agriculture, is a very 
serious one. The sewage is discharged into the river, where the 
immense volume of tidal water prevents the creation of any 
nuisance, and xmder the circumstances I did not think we should 
have been justified in going to any expense in works for purifying 
the sewage. The sewers were not designed on any complete 
system A rivulet, which ran through some pleasure grounds, 
became so foul in consequence of the sewage which was discharged 
into it, that the inhabitants called upon the Corporation to abate 
the nuisance, and to abate it, I laid out the main sewer Mr. Mawbey 
has referred to. I had to bring in a number of small sewers, and 
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at the top of each was placed an antomatic flashing tanL I used 
Field's. Mr. Mawbey has used Adams's. I afterwards used some 
of Adams's in the adjoining village of Gaywood. We had some 
trouble with them, owing to the unusual shortness of the leg, but 
Messrs. Adams behaved exceedingly well — they altered the syphons, 
without charging extra, until at last we got them to work very 
satisfactorily. I should be very much obliged if Mr. Mawbey 
would kindly tell me which of the two he has found the best. 
With regard to the 2-inch rainfall, I think it is an excessive quan- 
tity for a district on the East Coast of England. I don't think 
it could ever be necessary to provide for such a large rain&ll as 
that. The streets are generally so flat that the water does not 
rush down them at the same rate as in the hilly towns, and the 
district is not visited with such heavy thunderstorms as are experi- 
enced in other neighbourhoods. Of course there are storm 
overflows which would carry off any great and sudden downpour. 
With regard to the waterworks at Lynn, I think the people 
there must be very hardened; according to all sanitary laws, 
they ought all to have died long since. A worse water supply 
doesn't exist in England. They have no proper filtering tcmks, 
but merely subsidence tanks, which are of little use. The water 
comes down past a churchyard and along an open channel where 
cattle go to drink. You cannot say that the water is filtered ; it 
comes through a small quantity of sand very rapidly and is pumped 
up to supply the people of the town, who seem to live and thnve 
upon it. ^e amount of water pumped is absurd — 70 gallons per 
head per day. There is a very peculiar system in vogue 
throughout the town. In times when water was scarce the 
inhabitants supplied themselves with large tanks for the purpose 
of storage. The people of Lynn are so devoted to these tanks 
that they will not have them done away with, but insist upon 
having tiiem filled with water. They also like to have the water 
running about underground, the general idea being that the more 
water runs to waste the better. Probably they think the quantity 
makes up for lack of quality. 

Mr. J. W. CooEBiLL : The only remark I wish to make is that I 
have tried one of Adams's syphons, and have found it useless. I 
have had twelve annular syphons made by Doulton at work for 
four years without a hitch. 

Mr. Eaybs : I have tried Adams's, and I consider them better 
than either Doulton's or Field's. 
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Mr. BuoKHAJc: In nsing some of Adams's earlier make of syphons 
I found they were not always reliable ; bat it is only Mr to the 
mann&cturers to say that since that time they have been much 
improved, bat I am boand to admit that I do not admire the way in 
which the improvements have been effected. I know of no syphon 
that can be pat down as absolutely perfect in practical working. 

Mr. B. Yawseb: The remarks just made by gentlemen who 
have volunteered their opinions upon the different syphons, show 
that at any rate there is a difference of opinion amongst us with 
regard to matters of detail, and it is rather singular that the 
question of the working of syphons when used for flushing sewers, 
is one of the matters on which I desired to have the opinion of 
members of the Association : perhaps those who have spoken are 
a fair reflection of those who have not, and therefore I am a&aid I 
must go for information to some other source, because I cannot 
altogether take the opinion of the members of the Association on 
so important a subject if six think one way and half-a-dozen think 
the other. Mr. Fowler referred to a point mentioned in Mr. 
Mawbey's paper on the subject of the depth of rainfall to be pro- 
vided for by the sewers. My experience leads me to conclude that 
a rainfall of one or two inches, evenly distributed over twenty-four 
hours, is very small indeed, and that unless you provide for extraor- 
dinary rain&Us in constructing entirely new sewers, you would 
probably get yourselves into a difficulty. We often have in the 
district I come from a rain&U of one inch an hour, and sometimes 
' a great deal more. And what you have to provide for is the 
maximum quantity of rainfall : — ^not for extraordinary rains such 
as have never occurred before, but for such rains as are of freqaent 
occurrence in your district. I am quite aware that in the eastern 
counties district, the rainfall is less heavy than in the north, but 
Mr. Mawbey has told us that one night there was a rainfall of 3| 
inches. That might lead you to suppose it was evenly distributed 
during twelve hours through the night, but it might have fallen 
in an hour and a half, and the probability is it did, because if you 
are visited by heavy rains in that district they are very heavy 
indeed, and therefore I consider that to provide for two inches 
evenly distributed per day is altogether a delusion and a snare in 
designing outfiBkll sewerage works. I have referred to this matter 
once or twice previously in discussions before our Association, and 
the more I think the more strongly I am convinced that engineers 
as a rule provide for too little rather than too much. 
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I had hoped coming here to-day, we should have heard 
something npon a qaestion of very great interest to the engineering 
world at the present time, a qaestion which I consider of vital 
importance with regard to the treatment of sewage npon land, 
i.e. the treatment of the maximnm qnaiitityof sewage on the 
minimum quantity of land. In my district, the district of Lanca- 
shire, it is no uncommon thing for the Local Board to be asked 
lOOOZ. per acre for land they require for sewage purification 
purposes, and therefore it is a matter of extreme importance that 
land should be minimised. It does not matter whether you erect 
two or three extra tanks ; if you save the cost of five or six acres of 
land by the process, you are a clear gainer by the transaction. 
We have often heard that by treating raw sewage by what 
is called intermittent filtration, you can dispose of a certain 
quantity of sewage per annum. We are then again told that 
by applying lime or some other chemical to the sewage, so 
much more per acre will be absorbed, that is to say, that you can 
deal with seven or ten or perhaps twenty times as much sewage 
when lime is used as you can without lime. I should be glad if 
Mr. MacBrair would kindly tell us what the result of his actual 
experiment has been. 

The President : I should like to have said a few words on both 
papers, but time is getting short. We have been honoured to-day 
with the presence of a gentleman who represents the Corporation 
of this ancient city, Mr. Alderman Maltby, who takes great interest 
in the works we have visited, and also in the Association which we 
represent. I regret that the time at our disposal is utterly inade- 
quate to do justice to what we have seen or what we have heard. 
Had it been otherwise, Alderman Maltby would have heard some 
expressions of opinion on the many things we have seen. He must, 
however, take the will for the deed, and if we again visit Lincoln I 
hope we shall have more time at our disposal. 

Mr. Mawbet : In reply to Mr. Buckham, the house drainage 
v^as carried out in accordance with regulations drawn up by me, 
and adopted by the Corporation in pursuance of section 21 of the 
Public Health Act, 1875. Neither under those regulations, or the 
notices served requiring new drainage to be executed, could water- 
closets be enforced ; but in cases where existing privies were too 
near to houses, a notice was served under section 94 requiring the 
owner to abate the nuisance, and for that purpose to construct 
water-closets. Bespecting the several remarks on the provision 
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for rainfall^ I may saj that at Lynn I provided as far as practic- 
able for sudden heavy rainfalls, by a number of storm overflows at 
short distances apart on the main intercepting sewers leading 
direct to the river. I take it that few engineers would think of 
niaking their sewers proper large enough to carry off the rainfall 
of great storms. 

As to whose flushing syphons are the best, I have at Lynn and 
other places had the opportunity of daily observing the behaviour 
of a number of both Field's and Adams's automatic syphons for 
sewer flushing (and also in my capacity as waterworks engineer at 
Lynn numerous automatic syphons flashing tanks for trough 
closets and water-closets), and have found both Adams's and Field's 
to act admirably. Some of them have never failed; but other 
of the syphons of both these inventors have occasionally failed to 
act. The proper working of syphons, especially if worked with 
sewage, depends on such careful fixing and deUcate adjustment, 
that before an engineer condemns any particular syphon, he should 
himself enter the tank and ascertain at least if it is properly fixed. 
Messrs. Adams and Co. have recently brought out an improved 
flushing syphon provided with a vent pipe, carried up from the 
trap, which they guarantee, and which has no air hole in the 
syphon to become choked. 1 have not, however, at present tried 
one of these. 

Mr. MaoBbaib : In reply to Mr. Vawser, who is somewhat dis- 
appointed that he has not received *' light and leading " on the 
question of the quantity of land required— either for broad irri- 
gation or intermittent filtration purposes for a given population — 
I may state that in my opinion it is impossible to lay down any 
infallible rule. The situation, nature of the soil, degree of per- 
fection of under drainage, &c., play such important parts, that it 
is impossible to dogmatise on the matter. I can simply add my 
small quota of experience, which is, that sewage percolates land 
much quicker when it has been previously precipitated. When I 
tried the lime tr^tment, I kept some terraces solely for the treated 
effluent, and found that no scum or film was formed in the trenches, 
whereas on the rest of the farm the sediment of the untreated 
sewage had covered the trenches with a green, almost impermeable 
slime, giving oflf much effluvia. Our form of CO acres only gives 
about 1 acre to every 700 of population — too little in my opinion. 
To fiEurm to the best advantage several times this quantity of land 
is needed. We can certainly take all the sewage upon our farm, 
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but we have sometimes to sewage our crops with the certain know- 
ledge that it will do them harm. I should certainly say that pre- 
cipitation would lessen materially the quantity of land required for a 
giyen population. Our honorary secretary, Mr. Buckham, asks how 
we carried out our works of house corrections. Before we commenced 
these^ we issued a set of regulations under the authority of 
sect. 21 of the Public Health Act, 1875. These were based on 
the Local Government Model Bye-laws. After this was done we 
took the dty in sections, or blocbi of streets and houses containing 
from 100 to 200 houses each (as the streets came conyenient), and 
issued notices upon every owner. At the same time various 
persons in different parts of the city, who knew the value of proper 
sewerage, connected their houses : every person of course depositing 
a plan of proposed drainage, the whole of the work being done 
under proper supervision. We connected about 9000 houses— 
practically all the houses that could be drained. I'he work was 
done with so Uttle friction that we only had to issue one summons, 
and that was against an owner who would put up a 2-inch venti- 
lating pipe instead of a 4-inch one ! 

A vote of thanks was passed to the Mayor for the use of the 
Guild Hall. 

Immediately after the reading of the papers the members of 
the Association and visitors were driven to the Sewage Pumping 
Station, where they inspected the engine and boilers^ the special 
features of which were pointed out by Mr. MacBrair. They then 
visited the Sewage Farm and Filter-Press Works, where the pro- 
cess explained in Mr. MacBrair' s paper was practically demon- 
strated. After inspecting the settling tanks . the members were 
conducted to the mixing chamber, from which the lime is forced 
into the effluent sewage on the one hand and into the sewage 
sludge on the other. They next visited the press-house, where 
two filter presses were seen in operation. Subsequently a visit 
was paid to the Waterworks, where the members were received 
by the engineer, Mr. Teague, who explained the merits of recent 
improvements in the new Cornish engine. The members then 
returned to the Ouild Hall, where the discussion was opened. 
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DISTRICT MEETING AT LEAMINGTON. 

May 26th, 1888. 
Held in the Council Chamber^ Town Hall, Leamington, 
Joseph Gordon, President, in the Chair. 

-*4- 



Thb Mayor of Leamington (John Fell, Esq.) opened the pio- 
ceedingB hy very cordially welcoming the Association to the town. 
The President haying acknowledged the compliment, mentioned 
that this was the first occasion the Association had receiyed an 
official inyitation from the chief magistrate of any borough, and 
trusted that other authorities would follow the excellent example 
set by the Mayor of Leamington. 
The following paper was then read and discussed : — 



LEAMINGTON SPA WATER SUPPLY. 
Bx W. Db NORMANVILLE, Assoc. M. Inst. C.E., Borough 

SUByEYOB. 

In treating of the water supply of a town, it is adyisable at the 
outset to explain what are the needs to be proyided for. It may 
therefore be premised, that the area of Leamington Spa is 1571 
acres, and its population 24,300 ; but to this must be added the 
populations of the two adjoining parishes of Milyerton and Lil- 
lington, which depend upon Leamington for their water supply, so 
that the total number of persons dependent on the Corporation 
"Waterworks is about 28,000. Eyery house throughout the district 
is proyided with one or more w.c's, and yery many haye baths, so 
that the demands upon the water supply are greater than in other 
towns of similar population. 
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Old Works. 

Until ibe year 1878, Leamington derived its water supply from 
the small riyer whioh flows through it, and from which it takes its 
name. Like, however, most other streams in this country, the 
Leam had degenerated, and its once pellucid waters were gravely 
suspected of bearing within them matters of a nature at variance 
with the objects of a health resort. After much consideration, and 
yet more discussion, it was therefore decided by the authorities to 
seek an entirely new source of supply. Sir Andrew Bamsay, late 
Director-General of Geological Surveys, having been consulted as 
to the likelihood of obtaining a supply from subterranean sources, 
counselled the sinking of a well. 

Sinking of Wells. 

This advice was followed, and a pilot shaft 8 feet diameter, and 
subsequently a well 20 feet diameter, were sunk in the north- 
eastern comer of the town. The former was sunk to a depth of 
105 feet, and the latter to a depth of 110 feet. From the bottom 
of each an 18-inch bore was put down, that in the large well 
attaining a total depth of about 220 feet from the surface, and that 
in the small well a depth of 240 f:et. Only a small quantity of 
water was obtained from the bore in the large well, but from that 
in the small well large quantities were yielded as soon as it had 
been driven a few feet. It may here be convenient to say a few 
words on the geology of the district. Leamington stands on the 
new red sandstone formation, and the wells after passing through 
alternate strata of various coloured sandstone and marls, terminate 
in the keuper or waterstones division of this formation. This 
water-bearing bed has its outcrop at Warwick, Guy's Cliff, Leek 
Wootton, Milverton, and Oubbington, and beneath Leamington is 
about 45 feet thick. The two wells penetrate it to a depth of 
21 feet and 26 feet respectively, leaving 19 feet of water-bearing 
stone between them and the impervious stratum forming the bottom 
of the basin. The water derived from this source is of excellent 
quality, though somewhat hard for washing purposes — ^its hard- 
ness being 28 degrees. Dr. Tidy, the eminent analyst, speaks of 
it as a water " in every respect of excellent quality, and for whole- 
someness leaving nothing to be desired." On the completion of 
the large well it was decided to unite it to the smaller one by a 
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heading 6 feet high by 4 feet wide. In driving this heading a 
fissure in the rock, about 2 feet 6 inches long, and haying a 
maximum width of some 10 inches, was met with in the bottom, 
from which such volumes of water flowed as defied the efforts of 
the contractor to pen them back during the completion of the 
works, the fixing of the lower portions of the pumps, &c Coinci- 
dently with this influx of water from the fissure the previously 
abundant yield firom the bore in the pilot well fell off, showing that 
the fissure and the bore, which are but 35 feet apart, were yielding 
water from the same source. Headings driven in the summer of 
1886 have proved this to be the case, and indicate the existence of 
a horizontal cavity in the rock, extending northwards, eastwards, 
and westwards of the pilot well, and having a depth which varies 
from 9 to 15 inches. This cavity is the source from which the 
whole of the Leamington supply is derived, and when first tapped 
probably was capable of yielding some 2,000,000 gallons per 
day. Since then, however, the line of saturation has materially 
subsided, and with it of course the yield, which nevertheless 
remains abundant for the present or an increased population, even 
with a constant service, provided only that waste be kept within 
reasonable limits. In the year 1881 the line of saturation, even in 
the middle of summer, was 44 feet above the bottom of the welL 
The highest point it has reached during the past two years is 
80 feet, but there is reason to believe that, with the return of 
ordinary ramfalls, and with a gradually diminishing waste, a level 
somewhat approaching that of 1881 may be reached again. 

The Maohineby. 

Following a description of the wells naturally comes that of the 
machinery, by which the water is raised from them to the reser- 
voirs. The pumps are arranged in two pairs — one the duplicate 
of the other — and are fixed to cast-iron girders carried by the brick 
lining of the well, at such a level as that the suction valves are 
about 18 feet above the bottom of the well. They are of the 
bucket and plunger type, the buckets being 18 inches diameter and 
the plungers 12| inches, with a stroke of 5 feet. The buckets and 
valves are entirely of gun-metal, and the barrels are lined with the 
same material Four-inch diameter wrought-iron rods connect the 
pumps with the crank shaft at the top of the well. The cranks 
are set at right angles to each other, and as the pumps are double^ 
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ttcting, it follows that the stream of water delivered by them is 
tmiform, and the work put upon the engine also nniform. The 
pmnp crank-shafiBy one each side of the well, are carried on heayy 
wronght-iron plate web girders 5 feet deep, which span the well ; 
and are supported on concrete piers, 10 feet by 5 feet, in horizontal 
section, which are founded on rock 22 feet below the engine-house 
floor. The crank shaft of each pair of pumps carries near its 
centre an 8-feet diameter spur-wheel, into which gears a 2-feet 
pinion, thus increasing the relative power, and diminishing the 
relative speed of engine to pumps by four. The engine shaft 
crosses the well at its centre, paxallel to the pump shafts, with 
which, as already stated, it engages by gearing. The engines 
themselves, which, in common with the rest of the machinery, are 
in duplicate, are horizontal, single-cylinder condensing engines. 
The cylinders are 21 inches diameter, by 3 feet 6 inches stroke, 
fitted with ordinary slide valves worked by eccentrics. This form 
of valve in engines of this size is ill adapted to its work, on account 
of the enormous friction arising from the large rubbing sur&ces 
exposed to the pressure of the steam. The engines used to be 
worked with 60 lbs. of steam, and a quick cut-off, but latterly a 
great improvement in their working has been effected by using 
only 40 lbs. of steam, and lengthening the duration of its admission 
to the cylinder. The excessive friction of the sUde valve is thus 
reduced, and many jars and sudden strains are removed from the 
machinery. The speed of the engines is 40 or 88 revolutions per 
minute. This gives 10 or 9^^ revolutions to the pump shafts, 
which speed produces a flow in the rising main — which is 16 
inches diameter — of about 120 feet per minute. At this speed the 
engines and pumps work smoothly, though there is a slight back- 
lash in the gearing, in consequence of the counterpoises on the 
pump spur-wheeb being rather less than the weight of cranks and 
connecting rods which they are supposed to balance. This defi- 
ciency of counterpoise is due to the fiEict that the connecting rods 
of the pumps were originally hollow, whereas they are now solid. 
The condenser is a surfiEice condenser. lis air-pump was originally 
a direct-acting pump, by Wilson, of London. A more unsuitable 
form of pump for a condenser could hardly be designed. Its 
steam cylinder has lately been done away with, and its place taken 
by a connecting rod and disc crank attached to the old pump and 
driven by belting firom the main shaft of the engine. This works 
very satisfiustorily, and has resulted in a saving of upwards of two 
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tons of coal per week. The height to which the water is lifted to 
the reservoir yaries slightly^ according to the depth of water in the 
well, hut averages about 165 to 170 feet. The water pnmped 
yaries from 3^ to 4^ million gallons per week, though in the 
future, owing to the very considerable reduction in waste lately 
effected, it is doubtful if the latter quantity will again be needed. 
The consumption of coal yaries from nine to twelve tons per week. 
The boilers are three in number, of the Lancashire type, 7 feet 
diameter and 30 feet long. 



Thb Cost of the Wobeb. 

The total cost of these works, including land, boiler-house 
and engine-house, the rising main, 570 yards long, a valve pit, and 
some slight alterations at the reservoirs, was a Uttle over 31,000/. 
Sundry alterations and improvements effected by Sir F. Bramwell 
about five years ago, brought the total cost of the works in their 
present form to very nearly 35,000/. Of this sum, however, about 
1500Z. was expended in litigation. Previous to the construction 
of the above works, about 16,000/. had been expended on mains 
and reservoirs, the old pumping machinery, filter beds, &c., being the 
property of a contractor who suppUed river water to the town till 
the year 1878. The reservoirs just referred to were designed in 
1856 by Mr. Wicksteed of London. They each hold 500,000 
gallons. They are circular in plan, are underground, and are 
vaulted over with brick. They are each 72 feet diameter by 
21 feet deep to top water. Their bottoms and sides are con- 
structed of brick, backed with concrete and puddle. 



DisTRiBUTiNa Mains. 

Till about the year 1880 the trunk or principal mains remained 
precisely as Mr. Wicksteed had left thorn, when he constructed 
the reservoirs in 1856, whereas the subsidiary mains had been 
stretched out in all directions, as the town grew, with the natural 
result that in the high parts of the borough, but especially in the 
adjoining parishes, great inconvenience was experienced from want 
of pressure. To remedy this defect a 12-inch pipe was laid from 
the rising main in the waterworks yard into the town, and there 
connected to the nearest trunk main. This effected a considerable 
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improyementy but only during pumping hours, for, as the rising 
main delivers its water at the top of the reservoirs, there was of 
course no supply for this new 12-mch pipe, when the pumps 
ceased working. This want of pressure in the mains was also a 
serious defect in cases of fire. To remedy these defects the writer 
proposed two years ago the addition of sundry large mains in the 
town, and the erection at the reservoirs of a 40-feet standpipe, 
which works were carried out. As the standpipe is a Uttle out 
of the common a short description of it may be interesting. It is 
not open at the top, as is usual, but closed quite air-tight One 
leg is of 18 inches diameter, the other of but 9 inches. The 
rising main runs through both legs at the base, and when the 
standpipe is not in use, the water thus finds its way to the 
reservoir. The end of the rising main is bent down into the 
reservoir till within 9 inches of the bottom, so as to form — ^under 
conditions presently to be described — a syphon. Between the two 
legs of the standpipe a valve is fixed in the rising main. If this 
valve be closed whilst the pumps are at work, the water imme- 
diately ascends the large leg of the standpipe and falls down the 
small one, thus flowing by the horizontal pipe into the reservoir. 
A 2-inch brass cock in the small leg allows the pent-up air to 
escape. If now this air cock be shut and the valve between the 
legs of the standpipe be opened, the water in the large leg will 
descend and flow through the valve into the reservoir. As it 
descends, the air in the small leg and any air that there may be in 
the rising main expands into its place and becomes so rarefied that 
the atmospheric pressure on the surface of the water in the 
reservoir forces it several feet up both legs of the standpipe, and 
thus, when the pumps cease working, the rising main remains 
charged as a syphon and so works all night. The partial vacuum 
formed, as just described, is so good, that if there be only two feet 
of water in the reservoir, it nevertheless works over the syphon 
freely. If the pumps be worked when the apparatus is in its 
syphon condition just described, and the water happens to be 
rather low in the reservoirs, the pumps are relieved of pressure 
just in proportion to the number of feet that the water-level is 
below the rising main. When the apparatus is used as a mere 
standpipe it of course works in the usual way, excepting only that 
the air, instead of escaping at top, is forced out by the small cock a 
few feet above the ground. 
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iNOBBASINa THE SuPPLY. 

In the droughty summer of 1886, exoessiye garden and lawn 
watering with other misuse and waste increased the consumption 
of water in the borough to 29 gallons per head per day, the daily 
demand on the works being but Uttle under 1,000,000 gallons per 
day, or rather more than the springs were yielding. It was there- 
fore determined that some means should be taken to increase the 
supply. The writer, after considerable study of the subject, pro- 
posed the deepening of the well and a portion of the heading (as 
&r as the fissure in the bottom of it, from which very nearly all 
the supply flowed), and the lowering of the suction portion of one 
pair of pumps, to the extent of 10 feet. It may be explained that 
the fissure's direction is downwards, at an angle of about sixty 
degrees with the horizon. The following is quoted from the 
writer's report made at the period referred to : — " The reason of 
the supply haying of late Men off is simply that the line of 
saturation in the water-bearing rock, from which it is obtained, is 
at present some 10 feet lower than it used to be, owing to the 
light rain£sdl of the past eighteen months. In otiier words, with 
the subterranean waters at their present level, the well does not 
dip deeply enough into them to obtain a rapid supply. These 
waters at present stand but 28 feet above the bottom of the well. 
Last winter they were 33 feet above, and in the previous April 
and May they were 40 feet abova At that period the difference 
of level (or head), between the fissure &om which the water flows, 
and the line of saturation, or upper sur&ce of the water in the rock, 
was sufficient to produce an inflow of 1,700,000 gallons per day. 
If the well and heading, as far as, and following down the fissure, 
be lowered 10 feet, the old head, or difference of level, vrill be 
restored, and bring back something like the old yield. The cost 
of lowering a portion of the well and heading, together with the 
suction portion of one pair of pumps, will not exceed 400Z. *' This 
extract from the writer's report and the drawing on the table no 
doubt sufficiently explain the scheme, in which of course there was 
no novelty, as it was merely what every waterworks engineer has 
frequently to have recourse to. A counter scheme, however, for 
driving headings was decided on. Accordingly two were driven, 
one at right angles to the other, one to a distance of over 100 feet, 
and the other to twice that distance. These headings were to be 
6 feet by 4 feet, but owing to the way the miners executed them 
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they are considerably larger, and therefore provide considerable 
underground storage. Very soon after commencing the first head- 
ing a large aperture was made into the horizontal cavity, of which 
mention has been made as the source supply. From this opening 
four or five hundred thousand gallons per day at once gushed 
forth, but with the result of diminishing the fiow from the old 
fissure by almost the same amount In several other places, as 
the headings were proceeded vnth, the same cavity was broken 
into, and from all these openings the water now fiows with a net 
gain of some 60,000 gallons per day. The cost of driving the 
headings vras 850Z. 

Plans fob Saving Watbb. 

The light rains of the winter of 1886-7, and the signs of the 
following summer being once more droughty, again brought the 
subject of water supply on the tapis, and the writer then recom- 
mended the two following methods of husbanding present resources, 
viz. : Firstly, the use of river water for laying the dust in the 
streets, and secondly the adoption of Deacon's waste-water meters 
for the detection of waste. Both these methods have been adopted, 
and are now in daily use, with the satis&ctory result that, despite 
the fact of last year's rainfsill in these regions having been but 17 
inches, instead of the average of 26 inches, and of this yeisur's fall, up 
to the present time, being at the rate of but 15 inches per annum, 
instead of 26 inches ; the line of saturation is now 30 feet above the 
bottom of the well, instead of 24 feet as at this time last year, and 
the quantity of water used last month was but 14,094,000 gallons, 
inste«td of 19,441,000 gallons as used in the corresponding month 
last year. Of this diminution of nearly 5J million gallons, 
1^ million is due to not using the water on the streets, and the 
remaining 4^ millions to the reduction of waste. The scheme for 
watering the streets with river water is the following : — At the 
Pump Koom baths, which are close by the river, and where 
sufficient boiler power for the purpose already existed, and where 
also the exhaust steam could be utilised for heating purposes, a 
direct-acting and double-acting steam pump has been fijced. It is 
one of Donkin's patent, manufactured by Joseph Evans, of 
Wolverhampton. The steam cylinder is 15 inches diameter, the 
pump 10 inches diameter, and the stroke is 24 inches. At 50 
strokes per minute, it throws 20,000 gallons per hour, and at 60 
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strokes 24,000 gallons. The suction and delivery pipes are 
8 inches diameter. On reaching the street the deliyery is branched 
into two six-inch pipes, one running northwards for a distance of 
1080 yards, and the other southwards for a distance of 350 yards. 
From the former, a four-inch pipe carries the water to a total 
distance from the pump of a mile. In a southerly direction, the 
most distant street watering post is 1180 yards off From both 
these pipes there are various branches supplying in all 15 posts. 
The posts have 3-inch clear-way valves, and are furnished with 
swan necks of either 2 inches, 2jt inches, or 3 inches diameter, 
according to the level of the ground, and consequent intensity of 
pressure. The pump is provided with an air vessel somewhat 
larger than the normal size due to its diameter. Attached to this 
air vessel is a small cylinder, 3 inches diameter and about 3 inches 
long, and brass lined. Its position is horizontal. In this cylinder 
is a piston packed with a cupped leather, which is forced in against 
the water by a steel spring of such strength, that when the pressure 
in the air vessel is about 60 lbs. per inch, it yields, and the rod con- 
nected to the piston is forced outwards. This rod is about 2 feet 
6 inches long, and is attached to an equilibrium valve in the steam 
pipe, which, as the pressure in the air vessel rises above 60 lbs., it 
gradually closes, until, when a pressure of 70 or 75 lbs. is reached, 
the steam is cut off and the engine stops. As soon as a valve in 
the mains is opened, the pressure in the air vessel diminishes, the 
governor piston is forced inwards by the spring, and the steam 
valve is again opened. As by the opening of other hydrants, the 
pressure further falls, the steam valve is fully opened, and thus the 
engine works automatically. There is no standpipe nor water 
tower, the water being pmnped into closed mains ; but to supply 
the place of these, without incurring their expense, an air vessel 
has been erected in the high part of the town, consisting of two 
lengths of 24-inch pipe& This takes off all sudden strains caused 
by the closing of two or three hydrants at a time, and further acts 
to some extent as an accumulator. Twelve vans and five carts are 
supplied by this scheme. As a rule two or three hydrants are 
open at one time, occasionally four or even five and sometimes only 
one or none. When the nature of the weather needs only half-a- 
dozen or so of vans to be out, the automatic cut-off or governor is 
tonstantly in requisition, and is very useful. The total length of 
mains, including 6-inch, 4-inch, and 3-inch pipes, embraced in this 
scheme, is 5200 yards. The total cost has been 930/. 
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Deacon's Waste Wateb Meters, 

Though the principle and action of Deacon's Waste Water 
Meters may he familiar to most present, a few words on the restdt 
of their use in this borough may he of interest. One of these 
meters has been in use in the north-eastern part of the town for 
some seven or eight years, hut it was only at the beginning of the 
present year that the purchase of five more enabled the system to 
be applied to the whole of the borough. For this purpose the 
town has been divided into ten districts, each containing from 
2000 to 3000 inhabitants. Each meter is so placed as to be 
applicable to two districts. For the perfect and most simple 
working of the Deacon system each house ought to be provided 
with an outside stopcock. In Leamington not more than one-sixth 
of the houses are so provided. Excellent results can however be 
obtained without these outside stopcocks. A diagram used on a 
meter in any district for twenty-four hours, shows the total amount 
of water used in the district and also the proportion of waste. If 
the district be bad, a second diagram used at night, whilst a turn- 
cock shuts off at regular intervals — say of twenty minutes — the 
various streets comprised in the district, will indicate in which 
streets and to what extent in each of such streets waste is going 
on. Assume that the district comprises twelve ''shuts" — some 
perhaps embracing two streets — the chief waste is probably confined 
to three or four, perhaps only two. These are the streets into 
which the day inspector is sent, and the inhabitants of the other 
streets remain unmolcbted. But, further than this, the inspector 
can be informed of the quantity of water being wasted in each 
street which he has to inspect. Assume that in a certain street 
the amount is 250 gallons per hour, and that the street contains 
forty houses. When he has found leakages to account for the 
given quantity, which he may do in the first dozen or even half- 
dozen houses, his work in that street is complete, and he need not 
trouble the rest of the inhabitants. The work of inspection is thus 
reduced to a minimum. Perhaps, however, the most useful work 
of the Deacon's meter is its detection of underground or hidden 
waste, burst services, faulty hydrants, blown joints of mains, and 
occasionally fractured mains. These have been the chief sources of 
waste in Leamington, especially the ball hydrants, which, if the 
ball be worn, may be quite tight one day, yet, if a shut takes place 
and the ball Mis, leak badly the next day, the water getting away 
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into a porous subsoil or into a neighbonring drain or sewer. On 
the table lie the first and last diagrams taken in some of the dis- 
tricts of this borough. It will be seen that in district No. 9 the 
waste has been reduced from 42,000 gallons to 20,000 gallons per 
day, in district No. 10 from 34,000 gallons to 12,000 gallons per 
day, in district No. 1 from 14,600 gallons to 5160 gallons per 
day, in district No. 3 from 31,000 gallons to 1200 gallons per 
day, whilst in the diagram taken from district No. 4 is instanced 
the way in which a fractured main is at once indicated. The par- 
ticulars of this diagram were given to the writer between three and 
four o'clock, and by nine o'clock the burst had been found and the 
waste of water — 64,000 gallons per day — stopped. The whole of 
this large volume of water was getting away invisibly underground 
by an old drain into a neighbouring sewer, without the least indi- 
cation on the sur&ce. Since the meters were fixed at the beginning 
of the year, the waste has been reduced by about 130,000 gallons 
per day, with the satisfactory results to which reference has been 
made above. Taking the value of water at' only 3d. per thousand 
gallons, this represents nearly 590Z. per annum. These meters 
thus more than pay for themselves in less than a year, for the cost 
of providing and fixing them in Leamington has been but 3652. 
This includes the fixing of thirty-one additional valves in the 
mains, which are not properly chargeable to the meters account, as 
they were much needed for the general purpose of water supply. 

DISCUSSION. 

Mr. Pbitohard : First of all I desire to thank the Mayor for 
his great kindness and hospitality in inviting the Association to 
hold a meeting in Leamington. I have had the pleasure of his 
acquaintance for many years, and I know his value. It is now 
perhaps fifteen or sixteen years since we had a most successful meet- 
ing here, shortly after the completion of the new sewage works. At 
that time every member of the Association was highly delighted with 
the visit, not only with the instruction we received, but also with 
the unparalleled beauty of Leamington as a watering-place. It is 
often called, and I think rightly so, the Queen of watering-places. It 
has been remarked that we have a very large attendimce to-day, 
and I do not wonder at it. No doubt every gentleman who was 
here fifteen or sixteen years ago has made an eiFort to come here 
again to-day; and not only to come himself, but to advise his 
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friends also to come. That is saying something in favonr of Lea- 
mington as a sanitary town and I hope our visit may have the effect 
in the f atnre of doing good to this baantifal town and its able Corpo- 
ration, headed by our firiend the Mayor. I desire also to thank the 
'borough surveyor for the opportunity he has afforded us to-day of 
inspecting the works in the town, and for his very instructdve 
paper although bristling with technicalities. As we have been 
informed in the paper, Leamington was once supplied with water 
from the river Leam, a river more or less polluted. That state of 
things could not long exist, and I think, very properly indeed, the 
Local Board of Health of Leamington determined to get water from 
another and purer source. I see before me now one of the 
staunchest supporters of that water scheme, my friend Mr. Bright, 
who, at that time, was chairman of the local board. In coming to 
this determination I think the board acted most wisely, because at 
this time the least sickness in any of the health resorts was pub- 
lished at once in competing towns, and people were advised not to 
go there. The Leamington Local Board, therefore, felt it to be 
their duty to put Leamington above suspicion in the matter of its 
water supply, and I believe they have done so. I was not, how- 
ever, always of that opinion. In 1875, 1 think, the firdt well was 
sunk to the depth of 90 or 95 feet. At that time I was invited 
to determine what quantity of water was flowing from this source, 
and being pumped from the welL I think it was said there was 
something like a million gaUons of water being supplied, but I 
found there was only 250,000 or 260,000 gallons per day. 
The Local Board proceeded further with the works and sunk another 
well, which they connected with the other well by means of an 
adit, and also put a bore down to a considerable deptiL I was then 
invited by the promoters of the water scheme — ^before I had been 
asked by the opponents— to test the quantity of water being 
pumpe^ and I found to my astonishment that there were 
1,250,000 or 1,500,000 gallons of water being obtained with very 
little addition to the works, except so fsur as regards the sinking 
of the second well and the construction of the adit During the 
visit of the Sanitary Institute of Great Britain to Leamington, 
Mr. Baldwin Latham and myself were invited by Mr. Bright to 
make an investigation — a sort of friendly examination or inspection 
of the then partially completed supply. We did so, and we 
certainly came to the conclusion that the well was supplying 
water, and that the bore was also supplying water, but only to a 
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certain portion of its depth — ^that a portion of this boring in feet 
was, we thought at the time (possibly we may have formed a wrong 
conclosion) silted np ; that was the portion below the outcrop of 
the water iSrom the veins referred to by the author of the paper. 
The opinion then formed was, that so long as this geological strata, 
cleared of clay and marl, so long as this open stratification 
remained, and so long as there was plenty of rainfall, so long 
would there be plenty of water for Leamington. Next came a 
point of some difficulty, but a most important one for Leamington 
— the quality of the water. The small surface wells in the 
neighbourhood were said to be affected by the pumping operations 
of the local board, and as these wells to a certain extent contained 
polluted water, we thought the natural result would be that this 
polluted water would find its way to the works of the local board. 
We predicted at that time, to the best of our belief, that there 
would be plenty of water so long as the ordinary rainfall con- 
tinued, that the prevalence in Leamington of zymotic diseases 
would very soon determine the question of purity. Now, sir, what 
is the result ? I did not hear that Mr. De Normanville in his 
paper said anything about the analysis, and I have just glanced 
over the annual report of the Medical Officer of Health, but I do 
not see that he refers to it either there. But I do know myself 
as a fact, that the results of an analysis by Dr. Tidy and other 
eminent men, that the water of Leamington is without doubt a 
very pure water indeed. Therefore the theory as to its possible 
pollution by water from the shallow surfece wells disappears. 
The death-rate of Leamington will compare very fevourably with 
any health resort in the kingdom. We now find the line of 
saturation is varying, and I rather gather from the author's 
remarks, that at one time the water in the well stood at the depth 
of 40 feet, but that now it is usually about 24 feet. I also find 
that, in 1886, by an extension of the works in the form of adits, a 
very considerable increase of water took place, to the extent of 
about 66,000 gallons per day. That was an important feet, be- 
cause it showed Leamington is supplied from an exceedingly large 
area of collection. If it became necessary to increase the water 
supply of Leamington, I certainly should not approve of a short 
depth of sinking to obtain that increase of water. I think, by the 
extension of adits, there would be fer greater probability of water 
being found than there would be by boring, unless the bore is taken 
to a great depth. But if a bore is taken to a great depth, there are 
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two risks — one that water might not be found at a reasonable depth, 
and the other, that if it were found it might be brackish, and very 
inferior in quality to the present supply. I believe that by 
increasing the adits at Leamington an increased supply of water 
-would be obtained. I am informed that within a very short 
distance of the well, there is a yery abundant supply of water 
pumped daily for the use of an important brewery. This would 
rather point to the fact that water is to be found, if the means 
of inducing it to flow to the well are provided. The rainfall 
only having been 17 inches for the past twelve months, 
points also to the fact that water would be found in sufficient 
abundance for Leamington and the district Beference has been 
made to economising the supply of water, and I think that it is an 
important point, which will have to occupy the consideration, 
more or less, of every water company and every town throughout 
the country. I believe at the present time water is wasted to 
a greater extent than it should be. I do not know whether I 
caught the right figures, but it struck me that 29 gallons per head 
per day, for a population like that of Leamington, was an enor- 
mous quantity. I listened very attentively to the means adopted 
for checking waste; whilst those who have any knowledge of 
Deacon's waste-water meter will admit it is a most ingenious 
mechanical contrivance, I do not think it is adaptable in every 
instance. It is expensive, and I would venture to point out that 
the same results may be obtained with less expenditure. A con- 
stant supply of water will doubtless give less room for waste than 
an intermittent supply. This may seem somewhat illogical, but 
my experience is, where people are not always sure of having 
water, when there is an intermittent supply, they have a habit of 
opening their taps and leaving them open until the water comes. 
We had an example of this in the county town of Warwick. 
With an intermittent supply the consumption was 44 gallons per 
head of the population. A constant supply was given to the 
town, Kennedy's meters were placed upon the supply main, and by 
controlling the water mains and services by sluice valves and stop 
taps the consumption was cut down from 44 gallons to 17 or 18 
gallons per head. What was done first of all was to determine the 
quantity of water coming into the town, and particularly what 
quantity passed in the night time. I think between twelve o'clock 
at night and five o'clock in the morning some 160,000 gallons 
were registered as having passed. We found that this must have 



Digitized by 



Google 



206 BISOUSSIOK. 

been rmming largely to waste. Then the snrveyor proposed to 
shut off the yarious districts, of which he had nine^ controlled by 
separate slmce-yalves. He accordingly shut off one after another 
nntil he localised the district that was really wasting the water. 
In many instances the water was passing through pipes that were 
defective, and through taps that were defective, but was detected 
by means of the sounding rod. Leamington, however, I think, 
must not be classed with Warwick. Whilst 17 or 18 gallons per 
head might be sufficient for a town like Warwick, Leamington 
requires a larger quantity. It is of paramount importance in the 
future to water companies, local authorities, and even water con- 
sumers themselves, to utilise as far as they can the water supply, 
and to guard against the least waste. I do not think I can add 
anything to the opinions I have already expressed. I may be 
right or I may be wrong in some of them, but they are the results 
of my experience in various parts of the country. 

Ciouncillor H. BmoHT, J.P. : I do not know, Mr. Chairman and 
gentlemen, that I can add anyihiag to the information you already 
possess respecting our Leamington water supply, except perhaps 
this, that if any of you are in great difficulties with your water supply, 
you might follow the example of the gentlemen who acted with me 
some twelve or fourteen years ago, and not be discouraged by oppo- 
sition. First ascertain that you are in the right direction, and then 
stick to it through thick and thin till you have obtained what you 
require. I believe it was in 1870 we first took up this question. 
It arose from the fact that our river, from having been a very 
pellucid country stream, became polluted by the riparian owners 
above Leamington, first at Offchurch, and on for nine miles 
further as &r as Southam. The result was that the water, which 
was at one time quite good enough for any one to drink, became so 
polluted that, though it might serve for domestic purposes^ it was 
altogether unfit for drinking. Failing to get courage enough into 
the Local Board to fight the riparian owners who were fouling the 
stream, we took the other side of the question, and endeavoured to 
find some other source which was not polluted. At that time Alder- 
man Wackrill, who is now present, and one or two others who 
have passed away from the scene of this world, went to Professor 
Bamsay, of the School of Mines, and it was on the information and 
advice which he gave that we formed the opinion we had water 
under our feet, and in sufficient quantity and of good quality for a 
town supply. We met with a great deal of opposition, and personally 
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I had to bear a good deal of obloqnyy but I am happy to say I am 
alive to tell the story, and in a good state of health. We were told 
we were lunatics to suppose that there was sufficient water under 
our feet, and that if we did bore we should simply empty all the 
emrfaoe wells, and there would be an end of it. But haying the 
advice of a man of such eminence as Professor Bamsay, who assured 
us that, from his knowledge of the strata (and he himself mapped 
ihis district for the Government at the time Sir Boderick Murchison 
held the chair), he was quite certain if we bored, though we might 
fisdl once, twice, or thrice, we should be sure to succeed in the end, 
we did bore, and with the unfortunate result that we got salt 
water. But we were not discouraged. A year passed by, and we 
again plucked up courage, and obtained a majority of one on our 
governing body, which gave us the power to go on again. This 
time we bored higher up the hill, instead of at the bottom of it, 
and the result was that we obtained the water before it had had 
time to mix with the saline marls at the lower level. We there got 
the water as you have seen it to-day, in a pure condition and 
abundant in quantity, and the results have been eminently satis- 
fihctory to all who were engaged in the undertaking. The supply, 
I am satisfied, is only limited by the quantity of area you bare, as 
the rock is fully saturated. At first, from the small well we only 
got 275,000 gallons, but the more we bared the rock the more 
water we got The t&ct is the rock at about 100 feet is saturated, 
and from the geological maps and experiments made in various 
districts, it is quite evident this saturated rock continues in a north- 
westerly direction as far as Coventry. The whole of it is not 
exposed, as there is a large quantity covered with marl, but it all 
contains water. This is quite clear : there is a large portion of rock 
saturated with water, and the more we bare the sur&ce of the rock, 
the more water you get from it. Since the last increase in our adits, 
we have not only got our supply in less time, but we are getting 
the well at a higher saturated level ; and we who are engaged in 
the work feel satisfied that so long as there is rain£EJl, we shall get 
a supply of water for Leamington which wUl be second to none in 
the country. 

The Pkesident : I should just like to remind you that we have 
visited other works besides the waterworks, and we shall be equally 
pleased to hear any remarks gentlemen may wish to make upon 
those works. When the Association visited Leamington many years 
ago, a paper was read on that occasion on the sewage works which 
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we have seen to-day. It may be interesting to some of the members 
who were not then present, and who have no knowledge of onr 
preyions proceedings, if remarks respecting these works were made 
by some one on behalf of the authorities, or by those who know 
most abont them. I myself asked what the extent of the land 
npon which the sewage is pumped was, but I did not get any answer. 
I believe the Chairman of the Highways and Sewerage Committee is 
present, and I should be glad if he would make a few remarks on 
the subject. 

The Borough Survbyob: The farm belonging to the Earl of 
Warwick on which the sewage of Leamington is disposed of by 
irrigation, consists of 375 acres. It is worked on the intermittent, 
downward filtration principle, one portion being worked one time^ 
and one another. The soil is of a porous, sandy description, 
admirably adapted by nature for the purposes of filkation, having 
also most fortunately a day bed about six feet below the surface. 
The effluent water passes off remarkably dear, and apparently so 
pure that some enthusiasts have been known to drink it. I cannot 
say that I have tasted it myself, but I can bear testimony that 
it is perfectly free from any odour, and also quite bright and clear. 
The £arm yidds heavy crops, and it would be a much more 
profitable concern if there were an easy way of getting rid of the 
produce it yidds. They do, however, sell so much that it is a 
success and really pays. Some time ago there was a discussion 
between Lord Warwick and the Corporation, as his lordship 
desired to have the 450Z. per annum he was paying for the 
sewage reduced. The farm books were sent over here for inspec- 
tion, and those who were versed in these matters were of opuiion 
there was a profit shown. Lord Warwick's agent argued the 
reverse, but in balancing the profit and loss account, he allowed 
nothing for the handsome salary paid to the farm bailiff, or for 
the almost ducal style of farm buildings. These were entered as 
loss ; hence the discrepancy between the two estimates. There is no 
doubt of the farm being successful, both as a means of filtering the 
sewage and also financially. 

Alderman Wackrill, J.P. : I can give my testimony in favour 
of the remark made by Mr. Pritchard, that I really think 
the driving of adits would be a far more useful method of 
searching for further supplies of water than sinking the wdl 
deeper. The reason I give for that is, that in the new red sandstone 
in which the well is sunk, the water seems to be shut up in very 
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limited flections. Althongh the area is very great, — it extends from 
our water works certainly as fieu: as Coventry, a distance of many 
miles, — it does not necessarily follow that we collect water from the 
whole of that enormous district. When the larger well was being 
sank, the water stood in the smaller shaft, only a very short distance 
away, the whole of the time the larger weU was being sunk to a 
depth of 112 feet, without being drawn away in the slightest de- 
gree. This showed that within a very short distance the water was 
shut np in sections — that was to say, there was some impermeable 
section or strata that prevented the water filtering from the one well 
to the other, although they were only a distance of about 50 feet 
apart. Hence I suggest that our beet plan would be to drive 
adits in different directions through these sealed-up sections, until 
we find we have tapped an entirely new supply. There is farther 
evidence in favour of this in the ta^i that at the Brewery, only a 
short distance away, they derive their water from precisely the same 
strata, and that we do not touch their supply, neither do they 
touch ours. This shows that, if we only ext^ded our adits, we 
should be very likely to break into a new section and thus 
increase our yield. As to the sewage works, you will see how 
fortunate we are in having erected a suitable building, and having 
had in the first instance to deal with an engineer who has given 
us splendid machinery, which has been running ever since it was 
erected, with only the very slightest repairs. The cost of the 
engine, boiler-house, shafts, and tanks was 4,745Z. ; and there was 
an additional cost for engines and boilers of 4,750Z. To this must 
be added, what I had nearly forgotten, 4000/. for the rising main 
to Lord Warwick's sewage farm. Through this main the sewage 
is pumped two miles, to a height of about 120 feet We 
are not in the same difficulty with respect to our sewage that some 
of you may be. We have a contract with Lord Warwick to take 
our sewage for a period of thirty years from the present time, and 
for the sewage Lord Warwick pays us 2252. a year. This sum, 
deducted firom interest on the capital outlay, and the cost of pump- 
ing, will show the actual cost of disposing of our sewage. It costs 
OS about 2,0002. a year, after deducting the 2252. we receive from 
Lord Warwick, which is really about equal to a 3d, rate. (This 
includes cost of tank.) In this undertaking the neighbouring 
districts of Milverton and Lillington are allied with us. We are 
joint owners of the works and machinery. Milverton and Lilling- 
ton have paid their proportions of the cost of the engines and 
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buildings, which permanently belong to them &s much as to ns, 
according to their rateable valne. Thns yon see that neighbouring 
districts may agree to become joint owners of property and plant 
though they may not be within the same boundary. 

Mr. T. Walkbb : I think the method of using the river water 
as we have seen to-day for street-watering purposes very interesting. 
The machinery is most suitable and excellent, and I was very much 
struck by it. If we knew what the cost was, we could find out 
whether a saving could not be effected, where water for road 
purposes has to be obtained from a water company. The water 
level or head at Leamington is about 60 feet down the well. A 
bore in each well meets with only partial success, and yet between 
the weUs there was this large stream of water passing along a 
fissure in the rock. This seems to indicate that boring is not of 
much use in this strata. No doubt, if headings could be driven at 
a level where they could be easily kept dry, driving them is the 
way to increase tiie supply. I cannot speak from experience 
in sandstone rock, but I can of chalL I have been sinking a well 
at Croydon, and we have driven headings half a mile in length, 
sometimes a long way without the slightest indication of water until 
a man suddenly stuck his pick into a fissure. We had ahnost 
determined to abandon the work before we came upon the supply. 
We had sunk the well 200 feet and driven some 300 yards 
without coming across more than 500,000 gallons a day, but by 
continuing we got 2^ million gallons. Still chalk and sandstone 
are two very different things. But it appears to me, if you sink 
boreholes 200 feet without success and afterwards find a large 
spring close to them and at a higher level, it is useless boring, and 
driving headings is then the proper thing. By driving headings you 
also make a reservoir, which enables you to store the water when 
the pumps are not at work 

Mr. Vawseb: I did not intend to say anything, but the debate 
seems to have taken the direction of discussing the capacity of 
the yield of wells in sandstone. I just wish to add my experience 
to the comments made by other speakers. It is to the effect that 
the mere sinking of a borehole, or driving of a heading, does not 
contribute any large proportion of water to the town supply, unless 
you intercept some fissure, or fracture or fault in the stone. 
Ton may take it that, in different towns, the porosity of the 
stone varies considerably. In some towns water will draw towards 
the well from a distance of 300 or 400 yards, and in other places a 
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qtiarter or half a mile may be the extreme distance. I think yon 
may say, as a general mle, that in the red sandstone, \vater would 
draw towards the well for a quarter of a mile. If you will just 
work it out, you will find that the yearly supply of water to the 
town of Leamington will amount to about 6 inches of rainfall on 
the area of ground contributing to the existing well I assume 
about one-third, or perhaps one-fourth of the rain£EJl would 
reach the sandstone, and therefore it would seem to show 
that the lowering of the water in the well, the lowering of the line 
of saturation as it has been termed by Mr. De Normanyille in his 
paper, is really due to what you may call the deterioration of the 
natural water supply as it at present exists. Hy own impression 
is, from what has been said, that lowering the source of supply, by 
sinking the borehole some 20 or 30 feet lower than it is now, would 
simply prolong the time during which that deterioration exists. 
I concur with Alderman Wackrill and Mr. Bright, who advocate 
the extension of the wells by means of adits and headings carried 
a bng distance ; but the mere construction of adits or headings 
for 200 or 300 yards around the shaft will do very little good 
towards making the supply of water really permanent. What is 
wanted is to go half a ndle or more away, so as to get into some 
new pastures. I can congratulate the town of Leamington on the 
Tery fortunate position in which it is placed for the disposal of 
the sewage. It is not all of us who are favoured with a nobleman 
in our neighbourhood who is prepared to take the sewage for 
twenty or thirty years, and to pay 225Z. a year for it. The hct 
that you have such a nobleman here shows that you ought to be 
thankful for the mercies you enjoy. In my neighbourhood, if a 
piece of land is required for a sewage fisurm, the owner asks about 
five times as much for it as it is worth, and often contrives to get it. 
They firequently ask 6007. or 600Z. an acre for land for sewage 
purification, and when you come to consider you want one acre for 
each 100 persons, it very soon amounts to a big bill for the local 
authority to pay. That you at Leamington can get rid of your 
sewage for a 2d. rate is highly satisfiactory and a subject for sincere 
congratulation. I do not know the town of Leamington sufficiently 
to discuss all the matters named in the paper, but we have all heard 
of Leamington, and last night I was very pleased to see the principal 
street in the town lighted up by electric light. We shall, perhaps, 
hear something more about it. It is an excellent light, and I never 
saw a town hghted by electricity before to the extent that Leamington 
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ia It strack me the pillars were exceedingly near to each other. 
They are only about 20 yards apart. It would be interesting to 
know what the cost of lighting the parade with electricity is, com- 
pared with lighting other portions of the town with gas. I think 
I onght not to sit down without adding my testimony to what 
Mr. Pritchard has referred to, and as a hmnble member of the 
Association, express our thanks to his Worship the Mayor for 
inviting ns here to-day as an Association. I fed myself under an 
obligation to say this, because whilst I was President of this Abso- 
ciation, Mr. Fell was exceedingly anxions that we should come to 
Leamington, and there was to a certain extent an appointment 
made. Even then, though he did not occupy any official position, 
Mr. Fell offered to entertain the Association. On behalf of those 
who may not have an opportunity of speaking, I may perhaps be 
permitted to thank his Worship for his hospitaUty to-day. 

Mr. Gamble : I see a good many of the trees in the town sup- 
ported by a single stake at an angle. I should be glad to know 
whether that answers for the protection of young trees, and if the 
wind affects them in any way by chafing. It is a matter I have 
considerable difficulty with in my district. Possibly the people of 
Leamington may feel greater interest in the trees, and protect them 
more than the people of Grantham are prepared to do. Have 
you had any accident yet from the concrete steps at the 
Town Hall being slippery ? Many of us are troubled with concrete 
being sUppery, but if these steps are perfectly safe for the people of 
Leamington, I have no doubt some of us will be anxious to try them 
elsewhere. Can the author also give us the capital cost, the 
number of stand-pipes, and the length of the mains for street 
watering ? 

Mr. Gablton: I should like Mr. De Normanville to explain 
what is the cost per thousand gallons delivered, and secondly, 
what is the cost of distribution, and how many stand pipes there 
are, and their distance apart? At Beckenham the stand pipes 
average about 600 yards apart, and the cost for deUvering water 
averages 25Z. per mile, and the cost of distributing it another 25Z., 
making the actual cost for street watering 50Z. per mile. 

Mr. Pabkeb : There is one thing which has been lost sight of 
by a great many local authorities from one end of the country to 
the other, and I am sorry also to find many engineers are drifting in 
the same direction. We are now practically face to face witib a 
water famine, and any step which can be taken to save the gross 
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waste whicli is taking place must be of importance. The 29 
gallons per head per day, which Mr. Pritchard has referred to, could, 
I venture to think, be very readily reduced in a residential town like 
Leamington, where there are no large mannfactories, to abont one 
half that quantity. One thing about which I should like to have 
some information is, as to the work of the waste-meter in use in 
Leamington. My experience has been limited to the use of 
Deacon's meters, and the Corporation have not crippled me at all, 
but have allowed stop-taps to be placed in front of every house, and 
a systematic inspection to take place in every part of the town 
where there was much waste. First of all, I divided the town of 
Hereford into seven districts, by a system of back-pressure valves. 
Li one district the effect was, by proper inspection and supervision, 
to reduce the consumption at once from 52 to 80 gallons per head. 
Li another district the reduction was &om 45 to 22, and in a third 
from 38 to 18. The total reduction, so &r as it has gone in the 
four districts out of the seven, has been from 830,000 gallons per 
day per head to under 600,000. If gentlemen would direct their 
energies a little more in the direction of saving water instead of 
searching for fresh supplies, it would be far better. Water sheds are 
limited, population is increasing, and boring is expensive and un- 
certain ; for this reason it is most essential in many cases that waste 
should be prevented. With regard to the sewage, the Corporation 
of Leamington, and those who negotiated the arrangements with 
Lord Warwick, are in a unique position, in being able to dispose 
of the sewage of the town, including interest on capital and 
working expenses, for a 2d. rate. In most towns it is equal to a 
6d. rate, and in some places runs as high as la. Leamington seems 
to be folly abreast of Bath, Cheltenham, and other places, as it 
very properly should be, as a residential town. 

The Mayob : I should like to say one or two words. It has 
gratified me very much that the discussion has taken the lines it 
has done to-day. More particularly have I been gratified, because 
the discussion has borne out what several of us advocated a few 
years ago — the driving of adits for the purpose of increasing the 
water supply of the town. I differeil at that time from the 
borough surveyor as to the method of obtaining water. I differed 
with him in the cost of his estimate, and I always thought he made 
a mistake of a in his estimate. I think the deepening of the 
well, whilst the ptpnps were at work, would have been such an 
expensive matter, it would have been almost impossible to have 
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carried it oat We should have had to strengthen the well and 
pnt in new girders, and I remembered the cost incnrred by the 
Corporation some Uttle time before in freeing the neighbourhood 
from vibrations. Nothing has been said about that, but some foar 
or five years ago the vibration in the well was so very great that 
it was necessary to make extensive alterations. This was effected 
by putting in two concrete piers 26 feet deep, and 12 feet by 9 feet 
horizontal section. The bed-stones were carried on the concrete 
piers, and the iron girders are placed upon these, and in this way 
we have minimised the vibration. When a suggestion was made 
to disturb the bottom of the well, I thought it would be, from a 
constructive point of view, a mistake, and that we should not get 
the supply we are getting from the adit. We proposed that there 
should be an adit 100 yards long. This we afterwards greatly 
increased, but, if we were going to drive new adits, I should like 
to take them all through on the same level By this means we 
should get the maximum amount of storage room. Those who 
have not been associated with us in the work have no idea of the 
great economy there is in working where you can get large 
storage. In Leamington we have pumped the whole twenty-four 
hom*s to get 800,000 gallons of water; and now, with the storage 
going on at night in these adits, we get the quantity we require 
in something like eight hours. I am quite convinced that the 
supply of water is greater than the surveyor imagines it to be. I 
beUeve the increased supply from the adits is considerably more 
than 60,000 gallons. I watched the driving of the adits very 
closely, and went down the well several times, and I certainly 
think, if we could drive the adits in fresh directions, or extend 
the present ones for storage room, whilst we should provide 
storage room we should also gain a larger supply of water. 
You would be surprised at the difference of the quality of the 
stone through which we passed in driving the adits. I know 
in the adit which runs in a north-easterly direction, when we 
got to the end, the stone was of the densest character possible. It 
was as hard as a flint and as dry as a bone — ^white and dry, and 
absolutely no water came from it. A little while before that the 
adits passed through stone that was quite porous and full of 
fissures. So you can easily understand how, in the case of the 
larger and the smaller well, we had the water standing at a higher 
level in the latter until the adit was cut connecting the two. The 
storage room gained by the adits was most important, and made 
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the well hr more economical to work. I have only a word or two 
more to say, and that is with respect to the electric light. We 
have, in Leamington, made the experiment of lighting the town by 
electricity. It may be interesting to some of yon to know that 
the cable comes through the streets, direct from the works, to the 
bottom of the Holly Walk, and we take the electricity into our 
houses without any trouble at all. Practically, the problem of 
supplying electricity from a given spot is quite solved. We had 
some difficxdty at first, but there is now no difficulty at alL In 
shops the light is considered perfect. Some of the opponents of 
electricity think the street lighting is not so perfect as our friend 
Mr. Yawser considers it is, and say it is a miserable failure. I do 
not think it is a Mure, but I think the lanterns are a failure. I 
think that is where the mistake comes in. Experiments are now 
being made by putting in larger incandescent lamps, and if you 
will look at them — one at one end of this building, and one 
at the other end — and at the lantern about 100 yards further up 
the street, you will see the great increase of light we get from a 
larger incandescent lamp with an improved shaped lantern. There 
are too many oolumna It is a new venture for Leamington, and it 
has been to some extent an experiment. We are going to reduce the 
number, but do not take that for granted, as we are somewhat 
erratic in our proceedings. But we intend to try to reduce the number 
of columns one half, and to double the power of the light, and then 
I think the lighting will be a success. With regard to the actual 
cost, if you take a 16-candle-power electric light and a gas jet lamp 
burning 5 feet per hour, I can inform you this, that you will find 
the cost of the two exactly the same to the town. We are paying 
on the Parade 3802. for the whole lighting of the street for twelve 
months, including the renewal of lamps when worn out. I had 
hoped to have had the pleasure of taking you through the works 
to-day, but there seems to have been some little difficulty about it, 
as the company are erecting large storage batteries. 

Mr. C. JoNBs: I can only say that I am pleased with what 
I have heard and seen to-day. As an old visitor to Leamington, 
fifteen or sixteen years ago, I can heartily congratulate the Town 
Council of Leamington and their officers upon ^e position Leam- 
ington occupies at the present time. We visit many towns at our 
district meetings, and it is not mere flattery when I say there are 
few towns which will bear comparison with Leamington. Of 
course it is peculiar in many respects. I have been very much 
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interested respecting the water supply. With respect to the electric 
light, I am very pleased with what I have seen, hnt I should like 
to know more about it, because I know some members are here to- 
day with the special object of advising their authorities respecting 
the electric light. I was very pleased to see in the Morning Post 
of this morning, a short artide on the bill which was in the 
House of Lords last night — Lord Thurlow's bill for the removal of 
those clauses which have prevented the profitable investment of 
capital in connection vrith electric lighting. These clauses are to 
be removed, and a 42 years' term substituted. Consequently, firom 
the present day I look forward to a great incentive being given to 
work out the problem of the electric-lighting question. I have no 
doubt, in the next two or three years, we shall learn more of the 
electric light, and of the best means of dealing with it, than we 
have ever known before. There is no doubt that the Board of 
Trade's regulations were so restrictive, that capitalists would not 
invest money in the electric light. ]Now that the time is to be 
extended to 42 years, there will be no further difficulty so £ax as 
money is concerned. I am very much pleased with what I have 
seen as to the sewage. Still, that is a thing you would not expect 
me to touch upon. I could not agree with the figures quoted, 
and should like to criticise them somewhat if there was time, and 
put a few questions to ascertain what the actual cost is, and 
whether the game is worth the candla I should like to know, 
for example, what is the exact cost of delivering the sewage 
to Lord Warwick, and what you get back in return. These 
would be two very interesting sets of figures — ^the expenditure 
on one side and tiie receipts on the other. Alderman Wackrill 
omitted from his original estimate one little item of 4000Z., 
the cost of the rising main. That one item of 40001. at 
4 per cent, repayable in 30 years, at once gives me an 
item of 220Z. a year. If you add this to other charges, possibly 
you might not arrive at quite such a satisfactory result as has been 
stated. But we have said many times that you must pay to get 
rid of a nuisance, and Leamington apparently gets rid of the 
nuisance of its sewage by the existing arrangement. When we 
met here some years ago, I remember Mr. Pritchard showing me 
some monster mangel wurtzel growing on the farm Half-a-dozen 
of them filled a tumbril cart, or something of that kind. I remem- 
ber him showing us one that was growing 3 feet out of the ground, 
and how fer it went down I do not know, and no doubt it was good 
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to the core. There is a difference of opinion about that, however, 
88 you know. Still, the question of the purification of the sewage 
is an important one. It has been hinted that some of us have 
developed rather peculiar views on this question. I do not quite 
agree with Mr. Yawser when he says it requires one acre of land 
for every 100 persons ; I would rather put another figure on to it, 
and if yon clarify the sewage first, you may put on another figure. 
I think the waste of pubUc money on the land may be looked upon 
as one of the illusions created by our friends in London, who told 
us many years ago that the sewage was to be a mine of wealth, out 
of which we were to draw enough to meet all our rates, and pay 
all the outgoings of a municipality. That was a dream, and some- 
thing to be forgotten. We have started upon a new course of things 
now, and I trust that the meetings we have held within the last 15 
years have had something to do with the sounder views now enter- 
tained. We cannot get a body of men, such as is here to-day, 
interested in this question, without some substantial good resulting 
from it I congratulate Leamington on having a Mayor who has 
invited the Association to visit this town, and asked us freely to 
express our views, and assured us our criticism will be taken 
in good part. I also congratulate the town on having such a 
borough engineer as Mr. De Normanville, who can produce such 
an able paper as we have heard to-day. I trust they value him 
accordingly. 

Mr. J. S. Balt, Medical Officer of Health : I can only, Mr 
President, speak of the quality of the water supply as shown by 
the health statistics of the borough. The town has a very low 
death-rate, and is extremely free from zymotic disease. In fact 
there was not last year a single death from typhoid fever in the 
whole of the borough. When a large part of the town was sup- 
pUed with water from private wells, there were on the average eight 
deaths per annum from typhoid ; but during the last five years 
there have been only four deaths from this disease, and several 
of these occurred amongst people who came from outside the borough. 
The death-rate last year from all causes was but 15*5 per 1000. 

Mr. Pbitohabd: I fear I have not been clearly understood. 
When Mr. Baldwin Latham and I inspected the water works, 
we came to the conclusion that there was an abundant supply for 
Leamington, but that the health statistics of the town would soon 
prove whether it was pure or impure. We said so, because it was 
at that time publicly stated that the wells in different parts of the 
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town, some at considerable distance from the pumping station, were 
being drained off. It was also stated that wells were being closed, 
by order of the magistrates, in consequence of the imparity of the 
water obtained from them. What I wished to convey was that, 
although since that date I have been perfectly satisfied of the 
purity of the water — as I know from the analyses of Dr. Tidy and 
other eminent chemists — ^I only pointed to the fiact that we pre- 
dicted in 1876 or 1877, that the Medical Officer of Health himself 
would soon prove by such statistics whether the water was pure or 
polluted. I may say I have held the opinion that the theory we 
then formed — a very reasonable theory if all the circumstances are 
fairly considered — has been disproved by the health of the town 
and the low death-rate. 

The Pbesident : I think I shall now be obliged to dose this 
discussion, and in doing so will endeavour not to say very much, 
because the whole subject has been so completely covered by 
previous speakers. One thing has struck me forcibly, and that is 
the unanimity of opinion which has been expressed in favour of 
any extension of the water supply being by means of adits, as 
against the theory of the Borough Surveyor in favour of sinking 
the weU deeper. It is not very often that the members of 
this Association meet in any town, to discuss papers read, or the 
works executed or in prospective, where they find themselves with 
anything like the unanimity we have this afternoon in variance 
with the views of the local surveyor. I remember one or 
two cases where the greatest possible caution was exercised in 
differing from a gentleman who had had all the facts before him 
for a considerable time, and who was undoubtedly better able, 
with his full knowledge of all the local circumstances, to form 
a correct opinion than gentlemen who came to the town simply 
for a day or two, and formed their opinions from a cursory 
inspection of the works and plans. It is, however, not impossible, 
or any unusual thing, that when you call in an expert, he at 
once spots something the local man has failed to see. As a 
rule, I am quite sure the members of this Association will always 
be extremely cautious in expressing any opinion on a subject which 
has received such careful consideration on the part of the local 
surveyor. On the other hand, when these opinions have been 
formed even on a day's excursion like this, we have been accus- 
tomed to have the courage of our opinions and to express them. I 
must say, from what I have gathered from those who have 
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ezprefised their views^ that I incline to the theory of those gentle- 
men who have spoken in favour of adits. Mr. Yawser goes further 
than some of the others, and says yon may extend the area from 
which yon draw the water by the extension of the adits at the 
bottom of your present well, and that yon will probably do so with 
better results than by deepening the well, which has brought 
difficulties elsewhere. But, in addition to this, it was a question 
of area. You will undoubtedly get on for a time only by extending 
your adits from your present wells. Eventually you mil have to 
sink other wells on maiden ground, and extend adits to them, or 
place them at such a distance as to be able to connect them with 
the existing adits. I think, after the information which has been 
given by Mr. De Normanville respecting the fissures in the rocks, 
it would be the proper course to extend the adit in the direction of 
that fissure firom which the principal supply is obtained. I am 
sure Mr. De Normanville will excuse the gentlemen who have 
expressed opinions difiering from his own, and I am sure we shall 
all be pleased and glad to hear any argument Mr. De Normanville 
may have to advance to disprove the theory which has been 
advanced in opposition to his this afternoon. There is no doubt 
he has a theory of his own, and it may be instructive to hear 
what he has to say in support of it. I am sure he will take 
what has been said in good part I think Leamington is to be 
congratulated on the excellence of the works we have seen so fiw 
as they have gone. I rather differ from our &cetious firiend, 
Mr. Jones, when he expressed surprise at the omission of the 
sum of 4000Z. from the cost of the sewage works. I think, con- 
sidering the size of the town, its importance and extent — ^because 
it extends over a very considerable area as compared with the 
number of its inhabitants — ^that both the sewage and the water- 
works are reasonably cheap. You will find very few towns 
indeed with 26,000 or 28,000 inhabitants, where they can say that 
they have executed water works and sewage works of so successful 
a character as we have seen to-day for the same amount of money. 
Mr. Parker, of Hereford, touched upon a point which is really 
of great importance to the whole country, and that was the 
waste in the use, or rather misuse, of water in large towna. 
We have heard from Mr. De Normanville and Mr. Parker, what 
has been accomplished at Leamington and Hereford respectively ; 
by the introduction of Deacon's waste meters, the insertion of stop 
valves and stop taps, the waste going on in particular streets and 
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houses has been discovered, witib the result that the consnmption 
has been reduced very considerably. I have no doubt Mr. De 
Normanyille will succeed in stiU farther reducing the consumption 
in Leamington, if he prosecutes his inquiries farther. This pre- 
vention of waste is equal to expending a large sum of money for 
extending your supply; and ^t is the view local authorities 
should take of it. It is sometimes said Deacon's system was very 
costly ; but what would be the cost of works to supply water equal 
to the quantity saved by this arrangement ? He had no doubt the 
cost would have been 200 or 300 times more than the meters, or 
possibly even more than that. I am quite sure it would have been 
in the case of Leicester. Two years ago the Corporation of 
Leicester went to Parliament for a bill to extend our water works 
at a cost of about a quarter of a miUion of money ; and it was 
predicted that, unless we succeeded with the bill, we should be 
entirely without water, or, at any rate, the inhabitcmts would have 
to be put on very short commons for the next two or three years. 
When the bill was lost, steps were taken to see what could be 
done in the way of reducing the consumption of water. The 
result has been most successful, not by means of the more 
expensive method of Deacon's meters, but by the other means 
mentioned by Mr. Parker. We have succeeded at Leicester in 
reducing the consumption, although it is a manufiEUsturing town, 
to under 18 gallons per head, and 7 gallons of this is practically 
delivered to manufacturers. Therefore, we have the consumption 
for purely domestic purposes as low probably as in any other town 
in England. If it had not been for that, we should have been 
pumping nearly a million gallons of water more than we are doing 
at present, and our reservoirs would soon have been dry. There- 
fore, while at Leamington you may be desirous of looking out for 
fresh fields for an extension of your water-supply, I am sure that 
every town engineer would do well to devote more attention to the 
prevention of waste. With regard to the sewage works, I am very 
pleased to hear how highly favoured Leamington is in having a 
nobleman who will actually pay you for pumping the sewage to his 
land, and you are equally fortunate in having a large area of land 
for the disposal of your sewage. If time had permitted, we might 
have heard something more of Mr. Jones' theory ; but I am rather 
surprised to hear that he entirely difiers from your mode of dis- 
posing of the sewage. I think Leamington has no need to resort 
to any other system. The works themselves, so far as we have had 
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an opporhmity of seeing them to-day— of conrse we have not seen 
eyery^iing, — ^bnt as reganis the engines and machinery, they are 
most excellent examples. The pnmping-engines at tiie sewage 
works especially, considering the time they have been erected, are 
most excellent, and they are works yon need not be ashamed of ten 
or twenty years hence, notwithstanding the advances which will 
probably be made in that time. I was also pleased to find that 
althongh yon have only one screen to your sewage tanks, throngh 
which the sewage is admitted to your pnmps, the engineer rarely 
had any trouble with the pumps. I may say this is rather an 
unusual thing with sewage works, and I know towns where they 
have considerable difficulty. That may be accounted for probably 
by the tauit that Leamington is not a manufacturing town. That 
makes a very great deal of difference when sewage has to pass 
through pumps. I am sure every member of the Association who 
has been here to-day will be exceedingly pleased, not only at the 
manner in which we have been received, but also by the part which 
has been taken by members of the Corporation in the discussion, 
and the full information which has been given to us respecting the 
works we have seen. I think every one of us who may in the 
future have anything to do with sinking wells in stratas sunilar to 
that on which Leamington stands, will to-day have learned some- 
thing that cannot fidl to prove useful to him. I can only repeat 
what has been said before, that there is no single meeting of this 
Association ever takes place at which something may not be learned 
by the members. I entirely endorse what Mr. Jones has said 
respecting the very excellent paper which has been read by the 
Borough Surveyor. I think the town of Leamington is to be con- 
gratulated on having a gentleman of such intelligence and ability 
and who has &voured us with such an admirable technical paper. 
We shall, however, have an opportunity of expreesmg our thanks 
to Mr. De Normanville in a more formal manner before we dose 
these proceedings. If he is at all desirous of reserving his remarks, 
and submitting them in a more extended form for the ' Proceedings ' 
of the Association, I am sure we shall be glad if he will avail 
himself of the opportunity to do so. 

The BoBOUGH Sttbvbtob : It is pretty evident, gentlemen, that 
my ideas are unique amongst engineers, with regcurd to the sand- 
stone formation on which this town is built, or at any rate amongst 
the Members attending this meeting of the Association. First of 
all, I have been rather misunderstood in the term used, viz. 
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" Deepening ihe well." It means, in the ordinary acceptation of 
the term, deepening 30, 60, or 100 feet, but in this special case 
the phrase is misleading. I simply wanted to excayate the rock 
in one portion of the well 10 feet, and also the heading as fisur as 
the fissnre which sapphes the water we nse. Onr well forms a 
sort of snmpt, 3 feet below the level of the heading. We pnmp 
in droughty weather day and night, and the water flows along the 
heading from the fissure and Mk into the well, forming a minia- 
ture cascade from which it is pumped, the pumps being kept 
constantly only just free from air. The water which comes in from 
this fissure is governed by the ordinary laws of hydrauUcs, and the 
quantity deUvered depends upon the size of the aperture supplying 
it, and the head or pressure acting upon it. About eighteen months 
before the fiedling off of the yield experienced in 1886, the Une of 
saturation stood exactly 10 feet higher than it did at the time we 
were so very short of water. When the water stood 10 feet higher 
— that is 40 feet above the bottom of the well — than it was in the 
summer of 1886, when we were short of water, the yield was at 
the rate of 1,500,000 gallons per day, because the aperture or duct 
through which the water flowed into the well, driven by a head of 
40 feet, yielded that quantity. When the line of saturation, and 
thus the head, was decreased 10 feet, the yield from the same 
fissure fell to 800,000 gallons per day. Having studied the matter 
deeply, I came to the conclusion that, if by deepening to the 
extent of 10 feet a portion of the well and of the heading as £af as, 
and following down the fissure, the water was allowed to flow from 
a point 10 feet lower down, the old head or pressure would be 
restored, and with it the old yield. But to make more certain, 
as it was a matter rather for a geologist than an engineer, unless 
he had had a large experience in well sinking, I wrote to the 
Geological Survey in London, thinking that Sir Andrew Bamsay 
was still Director-General. I received a reply from Mr. Edward 
Best, his successor, who advised me to apply to Mr. Henry 
Howell, who conducted the Geological Survey of this district, and 
who was then in Scotland. I did so, and forwarded Mr. Howell 
an elaborate report, and complete tracings of the weU, and received 
the following reply : — 

*<Geologioal Subyet Offioe, Edikbuboh, November 17M, 1885. 

'^Dbab Snt, — I have carefully considered your letters of the 
11th, 13th, and 14th inst., with reference to increasing the water 
supply at Leamington, and the facts you have stated as to the 
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exisidng supply from the wells. I am of opinion that the plan yon 
propose to adopt of deepening the present well 10 feet is practicable, 
and that by lowering the well and heading the old yield, which was 
given before the hne of saturation was permanently lowered, may 
be restored* I am also of opinion that there need be no fear that 
by deepening the well 10 feet the present supply would be lost, if 
you keep within the water-bearing sandstone bed, and do not sink 
below the stratum on which it rests." 

Many of the opponents of this scheme expressed doubts about 
what they called '' knocking the bottom of the well out." You will 
see that Mr. Howell informs me the impervious stratum is 19 feet 
below the bottom of the well Besides one bore goes down 
220 and the other 240 feet from the bottoms of the wells, so that 
there is no fear of losing the present supply by merely deepen- 
ing the well 10 feet. That is my authority, in the way of 
geology, for my scheme. I think you will see that, as the flow of 
water from a pipe is dependent on the area of that pipe, and on the 
head or height above it of the supply,* so, when the yield from the 
fissure fell off, the size of the fissure remaining the same, the falling 
off was due simply to the loss of head or the decrease of height 
above the fissure of the supply. If by excavating the heading and 
well from the fissure to the pumps, tiie water was allowed to flow 
from a point 10 feet lower down, the old head or pressure would be 
restored, and with it the yield, inasmuch as the &ctors of yield, viz. 
head, or pressure, and area, would be the same as of old. That was 
the only deepening of the well I ever proposed. I would not have 
proposed to add a single inch to the bores, which are too deep 
alraaidy and yield no water. I simply wanted to sink the well and 
heading 10 feet, so as to draw, in dry weather, the supply from 10 
feet lower down. This was in 1886, but it was decided to drive 
adits. They were accordingly carried out, and yielded an additional 
60,000 gallons per day. That, however, was not at all what the 
Corporation wanted or expected, because the specification for the 
work bound the contractor to carry on the headings if the Corpo- 
ration thought fit, until an additional 300,000 gallons of water per 
day were obtained. But we only got 60,000 gallons, and next 
summer we had once more to issue handbills begging of people not to 
waste the water, and actually to shut off the water during certain 
hours, night after night, a thing that had never been done in 
Leamington before. Therefore the cutting of the adits had not 
done much good in the way of increasing the supply. In sandstone 
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rock, which was as dry as a bone, except here and there, it is purely 
a matter of chance whether yon come npon a fissnre or not All 
the water we came npon in driving the headings was from the same 
sonrce as that we were previonsly obtaining. We now draw it trom 
half-a-dozen places instead of merely one, and we now get the 
60,000 gallons per day extra^ simply becanse the fissore before was 
not large enough to let the water come through freely. The cost 
of the headings was 850Z., but the additional supply was not suf- 
ficient to prevent us being again in great distress last year. Finding 
that my plan for deepening the well was not approved of^ I did not 
press it, but turned my attention to a much better principle, that 
of which the President and Mr. Yawser have expressed approval, 
viz. economising the water we already had, and endeavouring to 
prevent its being wasted. I therefore suggested to the Corporation 
the use of river water for the purpose of watering the streets, and 
the use of Deacon's meters to detect and prevent wasta The 
dreadful figure of 29 gallons per head per day, mentioned by 
Mr. Pritchard, was only attained, just at the end of a season of three 
weeks' drought, when people would water their gardens and lawn 
tennis grounds, totally regardless of the interests of the town. The 
ordinary consumption of water in Leamington in summer is 25 or 
26 gallons per head per day ; but now, since the introduction of 
Deacon's meters, it has sunk as low as 16 gallons in March and 17 
in April. The consumption of water is now increasing slightly, 
and although we have been reducing waste, we have to contend 
with the difficulty that the use of the water is increasing owing to 
the season. Last month the consumption was 17 gallons per head 
per day, and that compared very favourably with the corresponding 
month of last year, when the consumption was 24 gallons per head, 
calculated on precisely the same basis. With regard to the fear 
expressed by Mr. Pritdiard in the past, as to the contamination of the 
water-supply by percolation from the surface wells in the town, I do 
not think such an anticipation was well founded. Leamington draws 
its supply from 100 feet below the surface, and the intermediate 
strata consist of sandstone rock and marls, so that any water per- 
colating through from the sur&ce wells, must pass through nature's 
own splendid filter and thus be thoroughly purified. Several 
questions were asked of me, to which I wiU briefly reply. One vras 
whether there had been any accidents from the concrete pavement 
at the Town HalL 1 have not heard of any myself. It is termed 
granolithic, and I think as regards slipperiness, is much the same as 
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oiher ooncreies. The smgle strats or supports for yotmg trees are 
not of my designing. They were in use when I came to Leaming- 
ton* As stmts or ties they can, of conrsey only work in one plane^ 
but they answer their pnrpose satisfactorily. 

The PBBSTOEirr proposed a vote of thanks to Mr. DeNormanyille 
for his excellent paper ; and it was accorded by acclamation. 

A vote of thanks to the Mayor and Corporation for the nse of the 
Town Hall was also passed, and was acknowledged by the Mayor. 

This closed the proceedings, and the Members, by the invitation 
of the Mayor, lundied with his Worship at the Grown Hotel 

The Members vieUed the Water Works, where themadUnerywtu 
inspeetedy and some of the visitors descended the large well, the 
diafi of which is lighted hy gas. The Mayor then conducted the 
party, through the Jeph^on Gardens, to the pump^ooms, where 
the new saline haths were examined, and also the machinery and 
arrangements for pumping waiter from the river for street" 
watering purposes. The sewage pumping station, at the west end 
of the New Biver Walk, was also visited, and then the party 
returned to the Town HaU to discuss the paper and the visits. In 
the evening (he Mayor entertained the Association at the Crown 
HoteL 
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DISTRICT MEETING AT YORK. 

June 9th, 1888. 

EM in ihe (hwncU Chancer, QvMhaU, York. 

JoBXFH OoBDON, PrmdetU, in the Chair. 

'-M- 

The Lord Mayor (Mr. Alderman Bymer) representing the 
Corporation and citizens of York, in a brief speech gave the 
meeting a hearty welcome to the city, to which the President 
replied. 

A letter was read from Mr. J. W. Horsfield, stating his wish to 
resign the Diptrict Secretaryship, and Mr. Mawbey was then 
nnanimonsly elected to succeed him. 

After visiting the works and places of interest in the city, the 
following paper was read and discnssed. 



MUNICIPAL WORK IN YORK. 

By E. Q. MAWBEY, Assoo. M. Inst. 0.R, City Subtbyob, 

Yobs. 

Singe your last meeting here in 1882 the city has made great 
progress, and it may fairly be said that at the present time almost 
unsurpassed eSoitB are being exerted by the yarious Committees of 
this Corporation in their different capacities to win for the city a 
reputation for modem municipal and sanitary work as well as for 
commercial enterprise worthy of its glorious fame as an honoured 
and loyal city and county in itself, with its Lord Mayor for 500 
years past, and its numerous other important functions. 

At the time of your last yisit the population within the munici- 
pal boundary was about 50,000, the aiea 1971| acres, and the 
rateable yalue about 182,O00Z. ; but in the year 1884 the Corpora- 
tion went to Parliament for an extension of their boimdaiy and for 
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other neoeesary proYisions, and snoceeded in obtaining a Bill 
known aa the ^'Tork Extension and Impioyement Act, 1884"; 
consequently the estimated population is now about 71,000, the 
area 3553^^ acres, and the rateable yalue about 236,1582. 

In 1882 Mr. Styan enumerated to you the several important 
works he had designed and carried out for the city during the many 
years he had acted as city surveyor, and it was during his term of 
office that the Extension Bill was fought for and won. 

The author commenced his duties here as city surveyor on the 
4th of June, 1887, being elected on the second of the previous 
month, and will endeavour to give an account of this first year's 
work and experience in York. 

Bboboanibation ov Staff. 

Much time and consideraticm has been bestowed upon the re- 
organisation of the various branches of the surveyor's department, 
and in working out and carrying into effect, as far as possible, the 
many details involved in adopting a thorough and satisfiEUstory 
system. 

BuiLDiKa Inspeotiok Dbpabtment. 

There are two building inspectors. During last year plans were 
passed for 260 houses, of whidi 254 were completed, and at the date 
of the report 156 were in course of erection. 

Alterations and additions were made to 48 houses, about 60 
other buildings were completed, and 22 were in course of erection. 

345 works of a structural nature were also carried out under this 
department for the abatement of nuisances or the improvement of 
sanitary arrangements, and in all about 6400 inspections of works^ 
ftc., were made by the building inspectors during the year. 

Sahitabt Department. 

The Corporation are fortunate in possessing as chief of the 
Sanitary Dc^tment such an able and indefEttigable Medical Officer 
as Dr. North, whose work and reports are so thorough and 
exhaustive that 1 could not do justice to them in this paper. 

There are two sanitary inspectors, and during last year 1745 
various works for abatement of nuisances, &c., were carried out, 
which number includes the 345 above mentioned as being super- 
intended by the building inspectors. 

q2 
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In all cases where siamctuial works are necessary, the matter is 
referred to the city snryeyor. 

The building inspector makes a rough sketch plan of the 
premises, and, where necessary, tests the drain with the asphyziator, 
and his report together with that of the sanitary inspector, and in 
many cases also a report from the medical officer are considered by 
the city surveyor, and recommendations made thereon. With onr 
Improvement Act, powers were obtained for rendermg the notifica- 
tion of certain infections diseases compnlsory on the householder as 
on the medical attendant, and it works extremely well It enables 
the Medical Officer to report weekly on premises infected by disease, 
and the necessary steps to be promptly taken to prerent spreading 
and recurrence as far as practicable. 

Bye-laws. 

The Streets and Buildings and Sanitary CSommittees, with the 
assistance of the town clerk and the author, have drawn up new 
building and other bye-laws, which are the model bye-laws of the 
Local Govemment Board somewhat modified, and these have been 
deposited with the Local Goyemment Board for their confirmation. 

SoATENama 

The whole of the street watering and street scavenging is done, 
and all house refuse &om movable receptacles is removed by the 
Corporation staff, but up to the present time the removal of house 
refuse from fixed receptacles, and the night soil has not, with the 
undermentioned exception, been undertaken. 

Under the advice of the medical officer, durmg the summer and 
autumn months, in localities affected or threatened by infectious 
disease, the Corporation undertake free of cost to the owners and 
occupiers the removal of night soil and house refuse, the sweeping 
of the yards and the flushing and deodorising of the private drains 
as well as of the sewers. 

The author has prepared a report and estimate for undertaking 
the domestic scavenging, and recommended that, to commence with, 
a Fryer's four-cell patent refuse destructor with Jones's fume cre- 
mating chamber be constructed at the Foss Islands Depot. He 
estimated that, roughly speaking, after aUowing for the probable 
revenue to be derived firom the sale of manure and the produce, 
&c., fix)m the destructor, the additional expense over the cost 
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at present incurred in domestic scayenging wonld be about 30007. 
per annnm^ which inclnded the repayment of principal and interest 
of the sum of about 7000Z. required to be expended in additional 
new stable buildings, plant, and the destructor, &c.j which repre- 
sents rather more than a rate of Sd. in the pound. 

The Council have referred this matter to the Streets and Build- 
ings and Sanitary Committees for joint consideration. 

The author will be pleased to hear remarks from you respecting 
the desirability of this work being undertaken by Local Authori- 
ties and upon the disposal of house refuse. 

Oebobnt PAYINa. 

Portland cement concrete paving has to some extent been 
adopted during the last twelve months. It is laid 2} inches thick 
on a bed of dry hard rubbish 4 inches thick. 

The bottom layer is If inch thick, one part of Portland cement 
to three parts of granite gravel or crushed furnace slag with the 
dust left in and passed through a ^-inch screen. The top layer is 
I inch thick, one part of Portland cement to two parts of granite 
gravel or crushed slag with the dust left in and passed through a 
i-inch screen. 

The paving is laid in situ in alternate pieces 2 feet wide and 
the width of the footway. The first pieces are laid to wood 
screeds, and the intermediate squares fiUed-in in about thirty-six 
or forty-eight hours. 

The wood screeds being removed, all the joints in each layer are 
cut through with a proper tool the whole depth of the concrete, 
and so far no defects have become apparent. 

The cost, including foundation, has been about 3«. 6^. per yard 
laid completa 

Wood Paving. 

There is at the present time about 9116 yards of wood paving 
laid down. 

The first laid was in 1876 by Messrs. Armstrong, Addison, ft Co., 
with creosoted fir blocks six inches deep laid on their own system 
on a bed of concrete. 

Although this pavement has been laid for nearly twelve years the 
repairs have been very slight, and it is by no means yet worn out, 
and the blocks are as sound as when laid. 

The bulk of the remainder of the paving, before the author's 



Digitized by 



Google 



280 UUNIOIPAL -VOBK IK YOBE. 

time, was laid with fir blocks VSeoTing in different places from fonr 
to six inches deep on a bed of ooncrete, chiefly on the system of 
Mr. Geo. Walker of Leeds. 

In this paying the blocks were simply dipped in creosote, and al- 
though the work was well done the paving has in many instances 
become very mnch worn, in some places where it has only been 
down a comparatively short time, and this seems to point to the 
bd that in York, where the traffic is light compared with some 
towns, it is desirable to properly creosote the blocks as was done 
with Messrs. Armstrong, Addison, & Go.'s paving, as the wood 
blocks (if creosoted) seem to stand the York traffic for a mnch 
longer time than they last before decay takes place when not 
oreosoted. 

The paving now adopted and recently laid down in Market Street 
is 4^ inches deep, and that in Low Onsegate 5 inches deep of 
Wyborgh red deal properly creosoted with 8 lb. to the foot cabe. 

The blocks are laid on a layef of sand f inch thick on a bed 
of Portland cement concrete 6 inches thick. 

Li e^h bbck three cast-iron stads are driven, made by Messrs. 
Nettleford and Sons of High Holbom, as adopted in parts of 
London and at Leicester. 

The joints are first rmi in with asphalte to a depth of abont 
1 inch, then racked in with fine crushed slag with the dust taken 
out and run vrith asphalte to within about 2^ inches of the surface, 
and finally grouted up with Portland cement and washed sand in 
equal parts and covered with a top dressing of fine gravel or 
crushed slag. 

Expansion joints on each side of the street at the kerb are formed. 

Mr. Walker is doing tins work, and his contract price is 7s. lid. 
per yard, exclusive of the foundation which is being put in by the 
Corporation staff. 

Pbivatb Stbbets. 

The extension of the city boundary has at the present time 
necessitated the putting in force of the 150th section of the Public 
Health Act 1875 for the making up of private streets to a consider- 
able extent, which as you will imagine greatly adds to the work of 
the surveyor's staff. 

Great improvements to the streets are also being carried out by 
the Corporation in the added area, for which a loan of 20,0002. has 
been obtained. 
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SiBBET IhPBOVEMEMTB. 

The Streets and Btdldings Committee are negotiating for the 
widening of Skeldergate, Gillygate, and Holgate, and at their 
meeting on the 22nd nit. recommended the Gonncil to anthorise 
the pmxihase of property and lands required for the widening of 
Skeldergate at a cost of 79002., which is now confirmed by the 
Gonncil. 

SeWBBAOE and SbWAGB DiSPOfiAL. 

Section 89 of the Toik Extension and Improvement Act 1881 
enacts that the Corporation shall within two years of the com- 
mencement of the Act cause to be prepared a scheme for the 
efficient drainage of the city and the disposal of the sewage, and 
shall obtain the necessary powers from the Local Government 
Board or Parliament, and then forthwith proceed to put the same 
into force. 

A few months before the author was appointed, Mr. James 
Mansergh, C.E., of Westminster, was engag^ by the Corporation 
to prepare a scheme which has been submitted to them in alterna- 
tive suggestions, one scheifie estimated to cost about 106,0002., and 
the other about 128,0007., and the author has recently by an 
amicable arrangement been associated with Mr. Mansergh in this 
matter. The Corporation will doubtiess shortly apply for the 
necessary powers to carry a scheme into execution. 

Bab Walls. 

The dty walls are now being restored under the supervision of 
the author. 

The contract has been let to Mr. Joseph Clarke, of York, for 
the sum of 3254Z. 

The general drawings were prepared by Mr. George Styan when 
city surveyor, in accord^ce with the suggestions of Mr. G. T. 
dark, an eminent antiquarian. The specification and biUs of 
quantities were prepared by the author. 

By carrying out this work a public promenade will be formed 
and opened out on the walls firom Monk Bar to Bootham Bar, a 
distance of about 650 yards. 

The parapets where now plain are being crenelated as of old, 
the bastions raised, crenelated, and loopholes formed therein, and 
a new bastion erected at the north-west angle of the Lord Mayor's 
Walk, on the site of an ancient bastion. 



Digitized by 



Google 



232 UUKIOIPAL WOBK IN TOBK. 

The old stones axe being preserved and used again for &cmg. 

A footway where none now exists is being constructed inside 
the walls on the top of the rampart with stone piers and arches 
and flagged floor. 

CovraiD IfABXKF. 

The CooncQ at their meeting on the 28th nit approved of the 
recommendation of the Markets Committee for the erection of a 
new covered egg and batter market^ according to the author's 
designs, at an estimated cost of 80002. 

BOBOUOH COUBT CSLLS AND LaVATOBIBS. 

Alterations and additions to the Borough Court within the 
Guildhall and the erection of police ^cells and lavatories in the 
Guildhall yard, designed by the author at a cost of about 12007., 
are to be immediately proceeded with. 

Aj/cqaAiiONB to Thbatbb. 
The Council have also adopted the recommendation of the 
Estates Committee for carrying out the suggestions of the author 
for the necessary alterations to the theatre, to provide improved 
means of exit by additional staircase accommodation, &c, and for 
fire-extinguishing appliances. The drawings are now exhibited, 
and the specifications and bills of quantities are being prepared. 
The cost is estimated at 1520/. 

Municipal Offiobs. 

The committee appointed by the Council are considering the 
question of the erection of new municipal offices, and the author 
has prepared alternative preliminary plans showing the accommoda- 
tion required on each floor, and has prepared approximate estimates 
for the same. 

POUCB AND FlBE-BBIGAPB STATIONS. 

The Watch Committee having approved of the erection of new 
police and fire-brigade stations on the Clifford Street site in accord- 
ance with the rough sketch plans of the author, and estimated to 
cost about 7000Z., the Municipal Offices Committee recommended 
the Council to instruct tiie city surveyor to prepare plaiis of the 
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proposed new bmldings. It lias, however, been decided, in con- 
seqnenoe of the enonnons amount of work in the author's depart- 
rnenty that oompetitiye designs be obtained. 

Day Indubibial SoHOOii& 

The School Attendance Committee are considering the question 
of the erection of day industrial schoola 

Nabubn Lock. 

A new lock which is now nearly completed, and which His 
Boyal Highness Prince Albert Victor has kindly consented to open, 
has been constructed for the Corporation, acting as the Ouse 
Navigation Trustees, at a cost of about 10,0002. 

The lock has been designed by Mr. John Fowler, C.E., of 
Stockton-on-Tees, assisted by his son Mr. A. F. Fowler, C.E., 
who has also acted as resident engineer. 

The contractors are Messrs. Ndson and Son, of York. 

Foss LcpBOVEMBiirr^ 

The author has prepared designs and estimates for the lengthen- 
ing of the Castle Mills Lock and for works of dredging and piling 
in the river Foes at York, at an estimated cost of about 5500Z. ; 
and in February last the Foss Navigation Committee recommended 
that, in order to render the Foss more available for traffic, the 
whole of the author's improvement scheme at the above estimated 
cost be carried out, which recommendation was approved by the 
Council and ordered to be carried into effect ; but subsequent to 
this order Messrs. Leetham and Sons, the principal users of the 
river, on reconsideration of their requirements, requested the Cor- 
poration to also widen as well as lengthen the lock in order to 
admit of larger vessels, and it was ultimately resolved that, having 
regard to the great amount of time and labour which the author 
will have to bestow upon the sewerage and other schemes proposed 
or contemplated, and to the tact that the services of Mr. 
A. F. Fowler will be available for the purpose now that the 
Nabum Lock is drawing near completion, Mr. Fowler should be 
employed as the engineer for this work, and this gentleman has 
prepared a scheme, but it has not yet been finally settled to carry 
out the work. 
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Local Govbbkuent Bii2i. 

The cnnent mnnioipal year has been marked by the introduction 
into Parliament of the Local Qoyemment Bill, which has engaged 
the serious attention, not of York alone, but of every urban and 
rural sanitary authority in England and Wales. 

As a measure to provide a system of Local Government, the Bill 
appears to have met with general approval, but where it trenches 
upon the rights and privileges of municipal corporations it has been 
freely and adversely criticised by those affected. 

To ourselves as engineers and surveyors the Bill is of interest for 
two or three special reasons. The field for employment will pro- 
bably be largely increased by the constitution of the new county 
councils and the new district councils subordinate thereto. These 
bodies will require skilled assistance to enable them to exercise their 
functions, and inasmuch as it is proposed to delegate to the county 
councils many of the powers now exercised by Government depart- 
ments, such as the Local Govenmient Board and the Board of 
Trade, it will be necessary that men of superior attainments 
should be appointed as advisers in engineering and other technical 
matters. 

The law with regard to the maintenance of main roads has not 
been hitherto rege^ed as satisfiGustory by surveyors in general, and 
the Bill as drafted would place many municipal authorities in a 
still more disadvantageous position. 

Li our own case the proposal to subordinate York (a oomity of 
a city for five centuries) to the county council, is felt to be unjust, as 
has been amply demonstrated by the town clerk and the city 
accountant, who have shown that to include York in the North 
Biding would be to make a city with four miles of main roads con- 
tribute on the basis of rateable value to the maintenance of 479 
miles of main roads in rural districts, a small proportion only of 
which are used by local tradesmen, which might involve the 
annual contribution of about 16002. by the city for main road pur- 
poses, in return for which we should receive a grant of only about 
160Z., and that in the matter of transferred taxes York would hand 
over a surplus of 50002. for the benefit of rural districts, whilst the 
larger towns of Yorkshire would retain larger surpluses for their 
own advantage. 

The Parliamentary Committee of the Corporation, prominently 
headed by the Lord Mayor and very ably advised and aided by our 
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toivn clerk, have, however, made out a case for York which, together 
with the influence of our city members of Parliament, will, it is 
understood, result in the city being made a county for the purposes 
of the Bill, a privilege which it is expected will be also accorded 
to all towns with a population of 50,000. 

Gbedit Dub to Staff. 

The author has much pleasure in mentioning that great credit 
is due to the several members of his staff for the inde&tigable 
manner in which they have carried out his instructions, and for the 
extra time they have worked with him after office hours in order 
to get through the heavy twelve months' work set forth in this 
paper. 

PISOUSSION. 

The Lord Mayor: As you have mentioned my name, Mr. 
President, I rise, because I expect obedience when I occupy the 
position you fill ; and it is therefore my duty to set an example of 
obedience to others. But I did not enter this room with the 
intention of taking part in the discussion. I came simply with 
the intention of being a learner — ^to listen to those who have 
practical knowledge of a much more extended character than I can 
lay claim to myself, and who have had technical training for this 
special work. You have seen to-day in some measure t^e works 
we have in progress in the city, and it is from you, who have the 
requisite practical knowledge, that we, who belong to the good old 
city, should be pleased to hear criticisms and remarks. There was 
one little remark I noticed in the paper, though probably 
Mr. Mawbey may have corrected it. He speaks of the city having 
had a Lord Mayor for 500 years. That is certainly correct, but 
for hundreds of years before that there was a gentleman who 
occupied a similar position, but was only honoured with the title of 
Mayor. Our charter of incorporation goes very much farther back 
than 500 years. It is just about 600 years since Richard IL 
dubbed the then Mayor of the city, Lord Mayor. You will have 
seen in the city, from the works in progress, that we are going 
ahead, and, for an old cathedral city, are showing an immense 
amount of life and enterprise. At any rate some of our ratepayers 
seen to be a little bit alarmed, and think we are inclined to go 
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rather too fast. I belieye they have initiated a Batepayeis' Pro- 
tection Aflsodationy to a<;t as a sort of drag upon ns, and see that we 
do not spend money too freely. Those members of the Association 
who attended the district meeting held here six years ago will see 
for themselyes a vast difference in the aspect of the city now from 
what it was then. I think the commercial aspect has improved ; 
our population and onr trade have also materially increased in the 
interval ; and we think that our compliance with modem sanitary 
requirements has likewise improved. We are quite aware we are a 
long way behind the large towns. Although we have undertaken 
these important works, we feel there is still very much to be done 
before we can lay claim to rank with those towns that have gone in 
for the most improved sanitary appliances for preserving the health 
of the people. I allude more especially to flushing and ventilating 
drains, to having a destructor, and to undertaking the whole of the 
cleansing and the removal of night soil. None of these things, we 
admit, are dealt with in a satisfiEUitory manner at the present time ; 
but when you next pay us a visit, I believe you wiU see still 
greater improvements effected than those which have taken place 
since your last visit six years ago. I make these few remarira, in 
obedience to the call of your President, merely for the purpose of 
opening the discussion. I hope there will be no reluctance on your 
part in speaking, and that you will feel no diffidence about expressing 
your views. We do not ask for praise if we do not deserve it ; we 
are never hurt by honest criticism, and any suggestions which you 
may make I am sure our corporation and our surveyor will be 
very pleased to receive. 

Mr. W. G. Laws : As our time is very short, I will only say a 
few words upon one or two points in Mr. Mawbey's paper. 
Mr. Mawbey has not left much room for criticism, and therefore I 
am driven to give you some of the results of my own experience. I 
understand, from the paper, you are about to adopt in York one of 
Fryer's destructors. We have had one in Newcastle in operation 
for about eighteen months, and I can give you a little information 
respecting our experience as to its working. I presume, from 
Mr. Mawbey's paper, that this is your first attempt at collecting 
the town refuse yourselves, and that it has hitherto been done by 
contract. I have very little doubt, when you have fully established 
a system of collecting and disposing of the refuse yourselves, you 
will find it more economical, and that it wiU tend very much to 
improve the health of the people. The adoption of a destructor 
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was almost farced upon ns at Newcastle. The sale of onr refuse as 
mantire was much impeded by what we called the '^ shop refuse/' and 
the material which was swept oat into the streets in the morning, 
which has no mannrial value itself, and when mixed with ordinary 
refuse renders it of less value to the farmers. We came to the con* 
elusion that the best system of disposing of this was to destroy it by 
means of fire. We now bum between 40 and 50 tons per day, 
vnth the iresult that we get a better price for our ordinary manurei, 
which we send by rail to fiarmers, and we get rid of what would be 
unsaleable as manure, and which was frequently put in old quarries 
and other places, and made a very bad foundation for new build- 
ings. The cost of the destructor of course is considerable. We 
find on the average that the actual cost for labour is between 6^d. 
and 7d. per ton. If you add to that 5 per cent, upon the capital 
cost of the destructor, that brings the cost of burning up to something 
like lid. per ton. In giving these figures, I have not added anything 
for the redemption of the capital originally expended. I do not 
think it is a fair way, where money is borrowed for 25 or 30 years, 
to add the cost of the actual redemption of the capital to the working 
expenses. They have to be kept in repair, and at the end of 25 
or 30 years, although not so valuable as buildings, they are 
carrying on tibe same work. Therefore I think the best plan is to 
put on a percentage which vnll cover the necessary repairs, and so 
fiftr as I can see, these expenses in connection vath a destructor 
would be covered by an annual charge of 5 per cent, on the original 
outlay. We find that the material which we destroy contains quite 
sufficient carbon in it to bum itself; and we get as residuals, ashes, 
which are used largely in paving, and we get clinkers, of which 
we make concrete. I am sorry the sale for these residuals is not 
as large as we Qould wish. I am now putting into the sewers of the 
town concrete made almost entirely of the clinkers which we get 
from the refuse destructor. We have adopted the plan of keeping 
the deetmctor going night and day. It is somewhat hard upon 
the men who work it, and it costs a little more no doubt for 
labour ; but we find that the more uniform you can keep the heat 
of these furnaces, the less damage there is from alternate swelling and 
contraction. At the end of eighteen months, during which time 
our fires have never been out an hour, our destmctor is working 
just as well as ever, and we have not, to my knowledge, spent 
more than 80Z. upon it in the shape of repaira That gives us 
Tery &ii promise for the future, but of course we do not expect the 
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cost of repairs to be so moderate in fatnre years. No doubt there 
mnst be gradual depreciation^ but still we have every reason to 
believe that the outlay for repairs wiU be kept within moderate 
limits. As to the removal of refdse, which you are in Tork about 
to undertake, our experience in Newcastle is that it costs us a trifle 
under 28. per ton for collection and removal. House refase costs 
about la. 9^d. per ton ; but street refdse, on account of the larger 
amount of labour in scavenging, costs considerably more than 
that, and the average is just under 2s. per ton. We have for some 
time, partly with a view of encouraging the water-closet system, 
and partly to avoid night work, been adopting the dry ash-tub 
system, which is attended to in the day. We supply householders 
with tubs, sufficiently large to hold three or four days' refase from 
the house. These we collect between eight o'clock in the morning 
and six o'clock in the evening. We supply these tubs at a moderate 
cost — 3s. 6d. each. One great point is tiiat the collection, instead 
of being carried out at night, when entrance to premises was 
frequently obtained by men climbing over walls, is made entirely 
during the day. Thus any ratepayer who finds men in his yard 
after six o'clock at night now knows that they are not there by the 
authority of the Corporation. We have found that men caught in 
yards at night, have said that they were Corporation servants and 
were thus able to get away. By adopting the dry ashes system, we 
are able to say to householders, ** If you find any persons in your 
yard after six o'clock at night, they are certainly not there by our 
autbority." We find the public take very kindly to this box 
system of removal We encourage people, as far as possible, to 
make their kitchen fires their own destructors, and to burn any- 
thing in them that would naturally be liable to decomposition, 
such as fish refase, vegetable cuttings, and all that sort of thing. 
If they put them on a hot kitchen fire, more especially just after 
cooking is over, it has the effect of disposing of the refose itself 
without any smell whatever, and of making the ashes that are 
deposited in the tub perfectly dry and inodoroua 

Mr. J. Cabtwbight : I rise to say a few words respecting this 
paper, and the works which we have inspected to-day. Like the 
Lord Mayor, I came here to learn, and I have leanied. I con- 
gratulate the City Council of York on having such an able and 
numerous staff, for the enforcement of the sanitary regulations 
which they have established. I am very pleased to see that so 
much pare is taken in the inspection of new buildings. In our 
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Lancashire towns, this is very mnoh neglected, and we' shall have 
much to do before we can peisuade onr soTcral Councils to take 
a leaf &om yonr book with regard to this matter. The question 
of the destractor, on which Mr. Laws has spoken, has often been 
before this Association. There is little new to be said on the 
subject, so I will only add a few words. It is rather a costly way 
of disposmg of the refose of a town like this, though you will 
no doubt find it much to your gain, if not financially, at least in 
the comfort and health of the inhabitants, if you undertake the 
entire removal and, if possible, the destruction of the refuse oi 
the town. I visited York on the occasion of the meeting of the 
British Association, and I can bear testimony to the improvements 
which have been made, and are being made, in the footways and 
roads of the city. With regard to the wood pavement, I fidl to 
see why the groove is left even for expansion, tiiough I know it is 
the practice of many wood pavement companies, and people who 
have had experience. I say this after close observation for seven 
or eight years of different kinds of wood pavement, and in my 
own experience I have found no necessity whatever for this groove 
being left. Besides, these expansion joints left near to the kerb 
look unsightly. With regard to the concrete, with all respect to 
Mr. Mawbey, I venture to say that the concrete is not being left to 
harden sufi^ently long before he commences the paving. I think 
he will find, if he looks carefully into the matter, it is rather too 
soon to pave the same day that tiae concrete is laid I am pleased 
to see you are creosoting your timber, it must be of great utility, 
both as conducing to make it last, and from a sanitary point of 
view, that the pores of the wood should be well filled with creosote. 
With reference to the bye-laws. This is an old subject, and one 
which has rankled in our minds ever since the Models were sent 
out by the Local Gk)vemment Board. Many of us are satisfied 
they are impracticable and not suitable for all towns ; and we shall 
wait to see what success you have with the Local Government* 
Board, with regard to any modifications you have made in your bye- 
laws respecting new bmldings. I am sure from my own expe- 
rience in this matter, that the Local Grovemment Board have 
drawn too hard and fast a line. Doubtless it is very difficult to 
compile a code of bye-laws to suit all, still I think the Local 
Government Board might, to the advantage of some towns, relax 
somewhat with regard to some of these bye-laws. There is not' 
time to go into detail, but it is acknowledged that some of them 
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are impracticable. As we were paaedng along to-day^ some gentle- 
man called attention to the macadam which was being put down 
in private streets. We have the advantage of haying with ns 
to^y, not only many experienced engineers, bat also a very able 
eolicitor, the Town Clerk of Tork, and I have no doubt he will 
keep US straight on this point. I have been fold that the Local 
Goyemment Board hold it wrong for any sanitary authority to 
adopt a street as a public highway, unless it has been properly 
payed, kerbed, and channelled We have no difficulty on this 
point in Bury, because we are in a stone country and tiie streets 
are all payed and flagged throughout. I can only add, Mr. Presi- 
dent, that I am very pleased to be here to bear personal testimony 
to the improyemento made in this city and to tiie able manner in 
which they have been carried out by the City Surveyor. 

Mr. A. M. FowLEB : There are just one or two words which I 
should like to say respecting Mr. Mawbey's paper. From the 
position and importance of Tork in the country, of course we shall 
all look forward with some interest to the result of their modifi- 
cations of the model bye-laws of the Local Government Board. We 
know that the model bye-laws are very defective, and that what 
will suit London is not adapted for Lancashire or towns in York- 
shire. I think a great deal of the indeCfttigable exertions of your 
Medical Officer of Health will be thwarted unless you can get the 
model bye-laws to work without friction. It is quite certain they 
work mth friction now, inasmuch as, however badly a house may 
be built — although it may come within the four corners of the 
building regulations — still you have no power to stop that house 
being inhabited. The roundabout way in which the bye-laws say 
you shall stop that house being occupied is veiy roundabout indeed, 
and almost impracticable. In many large towns, such as 
Manchester and Leeds, they have power to grant a certificate when 
a house is fit for occupation. If the city of York could get a clause 
introduced to obtain this provision, which other towns have ac- 
quired by Act of Parliament, I am sure that it would be a great 
advantage. 

The Town Glebe : I am sure I may tell you that we asked for 
it, but were told that we could not have it. 

Mr. Fovtlsb: I know that some tovms have this power, and 
some have not. There is another important matter vrith r^^ard to 
York, and that is the sewage scheme. York is on the eve of an 
important work, and the development of that great undertaking 
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ynH be watdied with intereet. Sanitarians haye been going up and 
down the country, from London to Newcastle, developing sanitazy 
measores and redndng the death-rate, bnt still some towns are 
going on in the old groove. We may take Boohdale, Nottingham, 
and Manchester as examples. I would just caution Tork by calling 
attention to Manchester. Manchester has just been holding a 
public meeting on sanitary matters, and after all its troubles and 
trials, Manchester was found to hare the highest death-rate of any 
town in England. Its average death-rate was 27, and in some di&* 
tricts, it was said, as high as 40 per 1000. Manchester, like York, 
has a very large scheme of sewerage before it ; and 1 would simply 
say, if at York you are going to carry out such a scheme wii^ 
fimness, and wiUiout r^ard to expense, so &r as the health of the 
people is concerned,— scavei^ at one end of the sewer, not at botk 
The great &ult in these large towns is that some ** Mdist '' — some 
fluent member, who is flippant of tongue, and can catch the 
majority of the Oouncil — gets his views adopted, and runs the town 
into expense, until it is nearly ruined by heavy rates. Nottingham 
has a great army of men, and carts, and horses, and all the sewage 
is manipulated in tubs and manufiEU^tured in the town. Think of 
the condition of the hundreds of men engaged in this work, and 
remember that they have to go home to their wives and families in 
th^ filthy dothee. Nottingham has a large scheme of sewerage, 
but they scavenger at both end& They should scavenger at one 
end only, and the work should be carried on and done in such a 
way that it should be an example and a pattern for the district 
and the whole country. London in 1847 had the midden sys- 
tem. The authorities proceeded to order that all cesspools should 
be removed and done away with. What has been the result? 
Why, that London is the healthiest city in the world. I there- 
fore cannot understand why Bochdale, Nottingham, and other 
places still go on collecting fflth, and manipulating it in the town 
when they are going to have a large and modem system of sewage 
arrangements. I would simply throw out this hint to York, not 
to look at the statistics about tiie manufacture of this manure, but 
to take the death-rate of these places, and consider which is the 
best development of the Christian principles of the country. I 
have just one word to say about country roads. It has occurred to 
me that the County Surveyor, in carrying on his work, will perhaps 
have to quadruple his staff, in order to have complete inspection 
of the county roads, whereas, at the present time, he simply sees 
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that the roads are repaired by the local surveyors, and certifies 
for the proportion to be paid for maintenance, without any extra 
staff. 

The Fbesident : There are many poinis in Mr. Mawbey 's paper 
on which much might be said. I think one thing is very dear at 
any rate, that since Mr. Mawbey entered upon the ofiGlce of City Sur- 
veyor, the Coxmcil of this city have given him plenty to do. If 
you look over his paper, which embraces a period of about twelve 
months, you will see that it teems with work. There is, I think, 
evidence that Mr. Mawbey has been called upon by the Council 
to do more than might have been expected of him, and he has 
done it with his usual ability. There is the city wall restoration, 
at an estimated cost of 3254Z. ; the scheme for covered market^ 
30,000Z. ; the borough court extensions, 1200Z. ; the new municipal 
offices, and new police and fire-brigade stations, and lock and river 
improvements to the Foss. We all know what this means — ^these 
contracts in small sums ; it means a very great deal of labour for 
the surveyor, and I am very glad to find there is such an amount 
of enterprise in the Council of the city of Tork. It is a great pity 
that we have not time now to folly follow up the various points 
which have been raised in Mr. Mawbey's paper. Allusion has 
been made to the presence amongst us to-day of a gentleman of 
legal learning, and, if the discussion had been continued, I am sure 
we should have been exceedingly pleased to have heard him on the 
IdOtii section of the PubUc Health Act. I notice, too, on my 
right, the Medical Officer of Health ; and, had time permitted, I 
am sure we should have been equally pleased to have heard his 
views on matters connected with sanitation. I think the remarks 
of Mr. Fowler may have been misunderstood. I should not like a 
wrong impression to go forth, and I am sure Mr. Fowler woidd be 
sorry if that were to be the case. So fax as I understand at 
present, with regard to the sewage question, Tork is not proposing 
in any shape to introduce the pail system. I understand tiiat to 
be so, and that they are going to scavenge at one end, and at one 
end only. 

Mr. Mawbsy : That is so. 

The Pbesidbnt: Therefore Mr. Fowler's remarks respecting 
Manchester and Nottingham — ^and he might also have included 
Leicester — do not apply to the city of YorL If he meant it merely 
as a warning to York not to think of disposing of the sewage 
in any way but by means of a thorough sewerage system, then he was 
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probably right in referring to it in the way he did. Mr. Mawbey's 
paper is short, but he has made some statements respecting wood pave- 
ment, criticism of which I am sure will be taken in good part. There 
is one thing that stmck me with regard to the wood pavement, 
which, as well as the concrete footways, I am exceedingly pleased to 
see so well carried ont. Mr. Mawbey tells us that the contract 
price is 7d. lid. per yard, exclusive of the concrete foundation 
which is being put in by the Corporation staff. I do not know 
what he estimates the cost of the concrete foundation at, but it 
seems to me that the total cost of the pavement would be very Uttle 
short of 10s. per square yard. I do not know whose process it is ; 
but at Leicester we can put down wood pavement, with a 6-inch lime 
foundation, for'Ta. a square yard. At Leicester the wood is not 
creosoted, and that possibly may make some considerable differenca 
The cost of the concrete footways, 3a. 6(2. per yard complete, 
is, I think, also quite enough, because in Leicester we can do 
the same sort of pavement at from 2d. 8d. to Sa. per square yard. 
It may be that we get cement a little cheaper than in York, but I 
do not know. These are points on which we are anxious to get the 
fullest information for our guidance in other towns. I dare not 
take up more of your time, or I should have liked to have heard 
Mr. Gamble and Mr. De Courcy Meade, both of whom had intended 
to speak, and also the Medical Officer of Health for the city. I 
dare not, however, infringe longer on the forbearance of the Lord 
Mayor, unless the Town Clerk can give us in a minute or two — 
and I am sure he wiU excuse my being compelled to cut l^i'ni 
short — his views respecting the 150th section of the Public 
Health Act. 

The Town Clebx (Mr. George McGuire) : I have put my book 
away, and I thought you had absolved me from the duty of saying 
anything to-day. I think I may say that, as the legal adviser of 
one Corporation, I have my work pretty well set ; I did not know 
that to-day I should be called upon to act as the legal adviser of 
the representatives of twenty or thirty other public bodies. I think, 
Mr. President, the remarks which have been made with regard to 
.taking over highways, are justified by the existing state of l^e law. 
It is a state of the law which I cannot myself regfud as satisfisustory. 
We begin first with section 150 of the Public Health Act, which, as 
you are all aware, prescribes the manner in which local authorities 
may call upon property owners to make streets and sewer them. The 
wording of that section gives an alternative. You may require the 
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owneiB to sewer, level, pave, metal, flag or channel ; bat, when yon 
come to the 152nd section, whidi prescribes the mode of taking 
over a street which has been made — ^I nse the general word ^'made" 
there — ^to your satisfaction, yon are told that yon hare power to 
declare it a pnblic highway when the street has been ** sewered, 
levelled, paved, flagged, metalled, channelled and made good, and 
provided with proper means of lighting, to the satisfieustion of the 
Local Authority." There yon have ttie word ''and," which is 
copulative, and takes these things altogether, and not the word 
*' or,'' as in the 150th section, which would give you an alternative. 
I find it laid down in the books, that, in order to enable a local 
authority to declare a street not being a highway repairable by the 
inhabitants at large to be a highway so repairable by the inlmbit- 
ants at large, it is necessary that all the works specified in section 
152 shall have been executed in the street to the satis&etion of 
the local authority. That appears to have been decided in the 
case of the Attorney General v. Bidder and others. On the 
strength of that, and following that decision, the Local Government 
Board have said that local authorities have no jurisdiction to take 
over streets and declare them public highways unless all these 
things have been done. This was laid down, as I have said, in the 
case of the Attorney General v. Bidder, and it has been argued by 
some people, on the strength of this, that if a street were paved 
with wood it could not legally be taken over. Lumley, in his 
book, doubts whether this is good law ; and I myself should doubt 
whether it is good, for this reason, that, according to that principle, 
a street must be completed, with all these requirements, in order to 
be taken over by a local authority. That is to say, it must be 
sewered, levelled, paved, flagged, metalled and channelled. Now, 
I say it stands to reason that no local authority would both pave 
and metal a street, and therefore, in advising my own Corporation, 
I have no hesitation in telling them to exercise their own discretion 
in the matter, and if they think a metalled or macadamized street 
is fit to be taken over and repaired by them, they may take what- 
ever risk there is in doing so. I say this, moreover, for another 
reason, because the matter may be looked at in another way. 
There are cases in which a Corporation are very anxious to lay 
hold of a street and say it is a highway. I remember a case in 
Leeds, where an owner of property put up some sixty houses in 
a street. He might have put up sixty-two houses, but he put up 
two rows of thirty, with a gap between the two blocks of housea 
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For a period of six or seyen years he allowed people to cross oyer 
that gap freely^ like any pnhlio street. There was no obstmc- 
tion whatever to people passing throngh that gap ; but^ at the 
expiration of six or seven years, the owner wished to put up two 
additional houses. The Corporation said, *' No, we claim that as a 
highway/' and Mr. Brace, the Leeds stipendiary magistrate, npheld 
our contention that even in such a short period as six or seven years, 
there was dedication to the pnbUc, and that being a highway, the 
Corporation had the right to claim it I think that is an additional 
reason why yon shonld take a common-«ense view with regard to 
this matter, and not play fast and loose with property owners ; but 
that where a street has been laid out in such a way that local 
requirements and requirements as to drainage and lighting have 
been met, it ought to be taken over. I think it would be very 
hard if , in a dty like York, you required all streets, and especially 
small side streets, to be paved with granite before they were taken 
over as pubUc highways. 

The Pbesedent : I have very great pleasure in proposing a vote 
of thanks to Mr. Mawbey for his very interesting paper, and I am 
only sorry we cannot devote more time for discussing it. But I am 
snre you wiU all wish to thank Mr. Mawbey most cordially in the 
usual way ; and if he desires to make any reply, he will perhaps be 
good enough to send it in in writing. 



The Orrr Subveyob: I am glad to learn, from the remarks 
made by Mr. Laws this afternoon, that the water-doeet system is 
being encouraged in Newcastle. I have done my utmost to substi- 
tute water-closets for the old-£Bishioned privies in Tork. I feel quite 
convinced, after taking into consideration all the objections raised 
against water-closets, that the system is after all the cheapest and 
best. In York, although we do not unfortunately undertake the 
whole of the domestic scavengering, we do remove, free of cost, 
domestic refdse irom movable receptacles, whenever the owners 
win agree to abolish their abominable ashpits or middens. I quite 
agree with Mr. Fowler in his condemnation of the pail system. 
With respect to the remarks made by Mr. Cartwright, the first 
cost of our 5-inch wood-paving is increased about 13d. a yard 
super for injecting 8 lb. of creosote to the cubic foot ; and we use 
cement concrete as a foundation for the paving. I am quite sure 
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the creoBoting pays well for doing in Tork, where it has lasted good 
nearly twice as long as the nncreosoted paving. In one or two other 
townSy where provision had not been made for expansion in wood 
pavement, dne to the swelling of the blocks in wet weather, I have 
seen the paving raised off its bed, so that it appeared something 
like the ridges and farrows of a pasture. I have also seen kerbing 
and flagging lifted out of place in the same way. The reasons the 
blocks were laid before the concrete had become sufficiently hard, 
was, that in consequence of the street having to be used for traffic 
during the races, I was compelled to commence the paving sooner 
than I otherwise should have done, in order to show you tibe work 
in progress. With regard to the erection of new buildings, no 
drains or foundations are ever allowed to be covered up until they 
have been inspected. I must say I have gained very considerable 
experience and knowledge by availing myself of the advantages 
offered by this Association, and I trust that surveyors and sanitary 
engineers will not fail to recognise the claims such an Association 
has upon them. 

Dr. NcffiXH (Medical Officer of Health) : I feel it an honour to 
be allowed to take some part in the proceedings this day, for I feel 
that a Society of Municipal and Simitary Engineers and Medical 
Officers of Health have a common object and a common duty. I 
feel that they are both alike engaged in the philanthropic work 
of diminishing human suffering and prolonging life. I often feel 
that it would be well if sanitary engineers would make themselves 
more fully acquainted with the details of medical knowledge as to 
the cause of disease, and I am quite sure that medical officers of 
health would benefit very considerably if they made themselves 
more acquainted with the functions and duties of sanitary en- 
gineers. I think one of the chief aims of both should be, to attain, 
as &r as possible, to perfect cleanliness in the vicinity of dwellings, 
and I cannot quite understand how it is that, in the northern parts 
of England, one finds men cling with something like affection 
to the old midden system. I think that those who defend the 
common midden privy are ahke unmindful of the teachings of the 
Bible, of the construction and functions of their own bodies, and of 
the general objects of cleanliness. Let us hope that the day is not 
far distant when such unsanitary abominations will be altogether 
abolished. In reply to remarks made by the President, I think it 
IS only fjEtir to explain to this Association that the death-rate of 
York, which in 1884 was 21 to 22 per 1000, has since been 



Digitized by 



Google 



DISOUSSION. 247 

lowered, firom an extension of the borough bonndaries. Abont 
the date named, a saborban population, whose death-rate was 
only some 18 per 1000, was incorporated into the city. Thus 
without any actual lowering of the death-rate of the city, the 
recorded death-rate was lowered to the extent of 1 per 1000 
inhabitanta 

The Members visited and inspected the wood-paving work in 
Low Ousegate, the working of the 8keldergate Bascule Bridge, 
the Bestoration Works of the City WaJls in progress, and other 
paints of interest in the City, 
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DISTRICT MEETING AT CARLISLE. 

June 23rd, 1888. 

Held in the OauneU Chamber, Toton Hail 

Mr. J. Gordon, President, in the Chair. 

^4- 

The Mayor received and yery heartily weloomed the Association 
to Garlisle, after which the following papers were read and 
discussed: — 

CARLISLE CORPORATION MARKETS- 
Dbsosiftion gw Gentral Main Boon. 

By a T. WALMISLEY, M. Inot. CE. 

The new roofe now in course of construction in the city of 
Carlisle, cover an area of about 6300 square yards, exdusive of 
surrounding arcades, shops^ and offices which are connected with the 
market buildings. 

A length of about 197 feet 6 inches by about 211 feet 6 inches 
in width, forming an area of about 417 squares (of 100 superficial 
feet), is roofed over in three equal spans of 70 feet 6 inches each, 
supported by walls at Scotch Street and New Street sides, and by 
twelve intermediate columns, set out at distances of about 89 feet 
6 inches apart, parallel to these streets. The central span of 
70 feet 6 inches is carried round at an angle towards Fisher Street, 
so as to enter this thoroughfare nearly at right angles. This 
length is about 76 feet, and is enclosed upon one side by existing 
buildings, and upon the other side partly by a fish market covering 
2370 square feet, or say 24 squares^ and partly by a three-cornered 
roof of 600 square feet 

The mam ribs of the roof covering the general market, are ci 
the braced arch type, consisting of a rigid wrought-iron rib 13 inches 
in the centre, having a curved outer sur&oe struck vrith a 
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radius of 44 feet 6 inoheB^ and forming a trass connected by ronnd 
bar-iron ties haying screw adjustments, the total depth from the 
back of the rib at tiie centre to the springmg line being 18 feet 
9 inches, and to the horizontal tie 11 feet 6 inches, which horizontal 
tie is placed 7 liBet 3 inches aboye the springing lina Thesoffit to 
the cnryed member of the tmss, is stmck with three radii of 41 feet 
6 incheSi 58 feet, and 11 feet 6 inches respectiyely, the depth of 
the arched portion near the . springing being 18 inches. The 
flanges consist of two 3^" by 3^" by ^inch angle irons nnited 
yertically with a f -inch web plate. The round bars in the ties 
are of scantlings yarying in diameter from 1} inches to 2} inches, 
and in order to secure a proper connection between the indined tie 
rods and the segmental rib at the springing, the feet of the principals 
at the junction of the rods are spread out laterally, the webs doubled, 
and the tie rods united to the curyed member by pins of 4 inches 
diameter. 

Owing to the unsymmetrical form of the plan of the roof, 
necessitated by the diape of the ground ayailable for market 
buildings, special ribs were required in some parts of the design. 
Thus a special intersection rib had 'to be designed to be fixed at 
the junction of the central span with the continuation of that span 
towards Fisher Street ; and at the end of the side span adjoining 
New Street, where it abute against the fish market, special hipped 
ribs were introduced; but the whole of the ribs were designed so as 
to preserye harmony throughout, and to maintain a uniformity in 
the general appearance. 

In order to ayoid as little interference as possible with the space 
of the market, the number of columns was minimised by carrying 
alternate main ribs upon spandrel girders of 38 feet span, 4 feet 
deep at the ends, diminishing to 3 feet deep at the centra These 
girders are fixed between the heads of the columns at a uniform 
leyel throughout, but owing to the leyels of the adjacent streets, and 
in order to ayoid the great inconyenience of steps to a market, the 
floor is made to slope towards one end, and consequently the height 
of the columns yaries with the gradient of the market floor. The 
columns are of cast-iron 18 inches diameter, Ij^ inch metal with 
brackets cast on, aboye the capitals, to suit the design of the main ribs. 
They ayerage 28 feet in length, and are to be noticed as a success- 
ful adoption of an octagonal body deyeloping into a square head and 
base instead of the stereotyped circular form. They haye been 
made by Messrs. Cowan, Sheldon, & Co., and the author is yery weU 
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satisfied with their execution. The lateral force of the wind upon 
the roof is transmitted throngh the main ribs to the columns, and the 
columns are rigidly fixed so as to provide the necessary reaction to 
resist it By these means the side walls are left to take only their 
own wind pressure, and such portions as are communicated to them 
by any wind pressure which the columns may not take, but as 
nearly the whole of the horizontal force from the roof ultimately 
becomes transmitted to the columns, the eleven columns which 
come between Scotch Street and New Street had to be designed to 
resist this pressure. To provide a base sufiBciently strong for this 
purpose, and also to &ciUtate the fixing of the columns as well as the 
drainage of the roof, the bases were cast separate firom the columns, 
the fiBu^es at the horizontal joints being planed and securely fixed 
by eight Ij^-inch bolts at erection. The bases, which are 4 feet 

9 inches square, are each firmly bolted down by four 2^ inches 
diameter anchor bolts, bedded and firmly secured to a cast-iron 
anchor plate, fixed in and below a mass of Portland cement concrete, 

10 feet 6 inches square and 6 feet thick. The ram water from the 
gutters between the spans is conveyed down the column by wrought- 
iron tubes 6 inches diameter of 16 B. W.G. plate, between which 
and the internal &ces of the columns, concrete is firmly packed, 
adding weight to the foundation, and forming a permanent pro- 
tection to the columns from oxidation, by the continual passage of 
surface water. 

The main purlins, which are carried by the main ribs, are 19 feet 
9 inches long and are of lattice construction with parallel fianges, 
each fiange being made up of two 2^" by 2 V by | inch L.I. Inter- 
mediate ribs are carried between the centres of the main purlins. 
They are also of the parallel lattice type, and are struck firom the 
same centres as the arched portion of the main ribs. Between 
each main purlin, intermediate or secondary purlins will be fixed 
so as to divide the roof into convenient dimensions transversely as 
well as longitudinally for boarding and glazing. The secondary 
purlins are of a fish-belUed lattice type, 9 feet 10^ inches long, 
with a depth of 12 inches under the boarded and slated portion of 
the roof and 9 inches under the glazed portion. The glazing bar 
to be used is known as Helliwell's King's Gross bar. HelliweU's 
system has been employed by the author in the large roof over 
Olympia at Kensington, and has (the author is informed) been 
previously used in Carlisle in the roof connected with the Corpora- 
tion Batiis. Each span of the roof will be surmounted by a 
skylight carried by central ornamental trusses 22 feet span, placed 
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9 feet 10^ inches apart. Between the skylight and the cnryed 
roof^ Yertical louvre frames are provided, filled in with wronght-iron 
lonvres. The lower portion of the cnrred roof, and also the lower 
portions of the skylights are to be covered with slates on 1^-inch 
boarding, and the remaining portions are to be glazed. 

The three spans of the roof at the West Tower Street end of the 
general market, rise above the buildings, and are therefore to be 
closed in with gable screens of a special design, suited to the 
character of the building. Two of these screens are complete 
segments, but the third is cut into, by the Tower at the New Street 
comer, necessitating a modification of the detail in the half span. 
In the design of these screens the author has avoided the heavy 
parallel members usual in screens for large roo£9, and has intro- 
duced vertical triangular trusses having their bases connected to a 
horizontal bowstring shaped girder. This horizontal girder is 
4 feet deep in the centre, and is trussed upon the inside so as to 
obtain lateral stifihess at the support of the vertical trusses. It 
not only acts as a tie to the feet of the screen rib, but supports a 
lead flat upon the outside about 14 feet in width. In resisting the 
lateral pressure of the wind upon the screen, the glazing is pre- 
vented from being blown in, by horizontal angle irons, supporting at 
intervals the glazing bars, and fixed to the vertical trusses placed 
7 feet 1 inch apart, which act as ties to hold up the horizontal 
girder. These vertical trusses having at their base the same depth 
as the ordinates of the fish-beUied horizontal truss, which is fixed at 
the level of the springing of the main principals, gradually taper off 
as they approach the end arched rib, and thus the effective depth of 
the screen varies with the stress, increasing from the outer surface 
towards the centre of the lower portion where the stress is greatest. 
In the side span adjoining New Street under the hipped ribs of the 
general market roof adjacent to the fish market, a special form of 
transverse truss is adopted, the whole being rigidly connected 
together, so as to avoid trussing the ridge longitudinally. 

The central span of the roof, is considered to need no diagonal 
wind bracing, but the side spans are thoroughly braced diagonally 
with 3 inch by J inch bars. 

The roofs over the fish market and three-cornered piece of ground 
adjoining it (previously alluded to), are to be roofed over with 
principals formed of straight inclined trusses with vertical members 
intersecting one another to suit the design, and are explained in 
the diagrams exhibited by the author. 

The total quantity of wrought iron to be used in the main roo& 
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and fish market is estimated at 400 tons, and of cast-iron 130 tons. 
The weight per square of area ooYered will equal 15 cwt., including 
gable screens, girders, &c. The weight of cast-iron per square, 
columns, &c., will equal 5 cwt. 

The ironwork has been designed by the author for the 
architects engaged by the Corporation of Carlisle, Mr. Arthur 
Cawston, of Queen Anne's Gate, Westminster, and Mr. Joseph 
Graham, of Fisher Street, Carlisle. Messrs. Hodgson & Co., of 
Workington, are the general builders. Messrs. Bobertson & Co. are 
the contractors for the ironwork, and all the wrought iron is being 
prepared at their works at Workington. Mr. H. 0. Charlton is the 
derk of works at Carlisle; Mr. Bobert Masefield, the resident 
inspector at the ironworks ; and Messrs. Corderoy and Selby, of 
Westminster, are the quantity surveyors. 

It is hoped that the architects' desire to economise space and 
cause a minimum amount of obstruction to traffic by the use of as 
small a number of columns as was consistent with a suitable design, 
as well as the avoidance of steps leading to and &om the market, 
will meet with the approbation of the members of the Association 
of Municipal Engineers and Surveyors who have now done us the 
honour of visiting the works. 

APPENDIX 

The following is a summary of the calculations of the stresses in 
the roof principals : — 

Dead Loads (vertical). 

Point. Load in cwts. Point 

1 1500 12 

2 83-75 11 

8 1500 10 

4 80-18 9 

5 12-50 8 

6 72-75 7 

Taking 50 lb. per square foot, wind pressure, blowing horizon- 
tally, the following is a summary of the total pressure met : — 

Points Angle Normal preoBore. kT»»a ToUl normal 

upon of roof. Pounds luTn prcBsurein 

diagram. Deg. per sq.ft. ■*«•'*• cwts. 

1 .. .. 48 46-4 47-5 19-75 

2 .. .. 40 41-6 142-6 6800 
8 .. ..84 86-4 47-5 15-50 
4 .. .. 27i 80-4 142-5 88-76 
6 .. .. 21 23-6 47-5 1000 
6 .. .. 14 16-8 47*5 = 6-9\ o-^n 
6 Reaction to ventUator 24-1/^*"" 

6 Horizontal pressure on louvreB .. 10*00 

7 BeaoUon to ventilator 11-75 
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NoTB.— The Diagrams are kindly anpplied by the Proprietors of * The Engineer/ 
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The resultants of the above forces are obtained by Figs. 7 and 8, 
and are drawn through their respective points in Fig. 6, nntil they 
cnt the springing line. The reactions of the forces at A — tmss 
being fixed on the weather side and free on the lee side — are 
281 *89 cwt. vertical and 97*65 cwt. horizontal The reaction at 
!B — ^vertical only — is 228 • 53 cwt. 



FiQ. 7. 



H 



Fig. 8. 



The following is a summary of the stresses in the bracing of the 
principals, which will be understood by reference to the diagrams 
herewith. 

Stress in E F = 

|228-53 X 34-4 -(86-2 X 11 + 12*5 X 13*55 +3012 x 19-8 + 15-0 x 23*9 
+ 83-75 X 27-6 + 15-0 x 31-1)J -♦■ 10*9 = 402-84 cwt. 

Stress in A E = 

|(281-89 X 14-6+97-65 X 12-6) -(31-8 x 13-8 + 82 x 9- 15 + 29 x 4-6)} 
+ 6-80*??^^ = 581 -39 cwt. 
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Stress in B F = 

/(228-53 X 14-6) - (15 x 4*1 + 33-75 x,7-8 + 15 X ll'S)} +6-8 

2818-288 ... .- . 
= -^:^ = 414-45 cwt. 

The stresses in OE— E H— HF and F D are obtained graphi- 
cally by force diagrams on Fig. 6, and the stresses figured on the 
lines parallel to the yarious members. 

The stresses in the rib are arrived at by drawing a curve of 
equilibrium for the tabulated loads combined with the stresses 
already found in the bracing. The polygon is shown in Fig. 1 by 
the thick dotted line, and the force diagrams by which it is 
obtained by the vector lines drawn from the springing points. 

The greatest stress in the rib occurs in the second division from 
B, where the curve of equilibrium is furthest removed from the 
rib. 

m . . X ii 529 X -05 ,„ - . 
Tenaion in outer flange = — ^ = 17-6 owt 

^ ... „ 629 X 1-55 _.^ . ^ 
Compreeeion in inner flange = t-^ = 546*6 cwt 

1*0 

NoTB. — ^Details of the ironwork for the above roofs wiU be found in Plates 40 
Bnd 41 of * Iron Roofs ' (second edition), published by Messrs. E. & F. K. Spon. 
A copy of the specification is also added in the description given in this book, by 
the author. 
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CARLISLE PUBLIC SLAUGHTER-HOUSES. 
By H« U. M0EIE9 M. Iirer. O.E., City Sxjbyeyob, Oarltht.k, 

Thb slaughter-honsefi were commenced at the end of October 
1886, and opened at the beginning of November 1887. The area 
of the site is over an acre. Frost stopped the works for three 
months, and a large portion of the walling had to be taken down 
and rebuilt. 

The bnildings, as will be seen fix>m the accompanying plan, 
consist of five separate blocks, viz.: — 

I. Slanghter-honses and cooling-rooms for cattle and sheep. 

II. Lairage for cattle and sheep. 

III. Pig slanghter-honse, cooling-room, boiler-house, and 
tripery. 

IV. Piggeries. 

y. Office, stores, fodder-honse, meter-honse, w.a and nrinaL 
The cost of the work was : — 

£ f. d. £ $, d. 

Brick work and masonry 2782 13 1 

Concrete floois 555 11 4 

Joinery 690 1 7 

Ironwork 489 2 1 

Plumbing 14115 2 

Painting and glazing 200 7 6 

Slating 131 16 

Total tob Gokteaot Wobk .- 4991 6 9 

Drainage, antomatio flushing tanks, and ventilation 

of sewers, done by the Snryeyor's staff 170 IC 8 

Oas and water mains and fittings, laid by the Corpora- 
tion Gas Committee 310 4 8 

Flagging and paving 97 2 1 

Clerk of work 68 10 

Plant and fittings 223 13 6 

Bead approaches 240 15 1 

Total Cost £610119 2 



The cost of the buildings, indnding the machinery^ gas and 
water service, sewers, and all other fittings, was 4d. per cubic foot 
Concreting tibe roadways and gravel foundations cost 8^. 3^. per 
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square yard. The bonndary wall, 14 feet 6 inches high, is a 
14-inch wall, with 9-inch panels and terra-ootta coping, cost 12«. 5d. 
per lineal yard. In getting out the cost per cubic foot the height 
of the buildings was te^en from the top of the footings to haK-way 
up the gables. 

The pigs have been kept entirely separate from the cattle and 
sheep, being on the left side of the main entrance roadway. The 
buildings have been designed so that animals being taken into 
them never see the slaughtering till they are taken to be slaugh- 
tered ; the approaches to the different alleys being shut off by 
large sliding gates, hung on Hatfield's patent pulleys. 

With a view of keeping the buildings cool, as much sun has 
been shut out of them as was possible, considering the aspect they 
hava 

The inside of the slaughter-houses and cooling-rooms are lined, 
for a height of 6 feet, with white enamelled bricks. The rest of 
the buildings are of stock bricks, with pressed brick pilasters 
and arches. 

The floors are of concrete, in two layers, the bottom one of 
1 of cement to 4 of gravel and sand, and the top layer of 1 of 
cement to 2 of Dalbeattie granite. In the outside floors the 
bottom layer is 3| inches thick, and the top layer Ij^ inches thick ; 
in the inside floors the bottom layer is 2 inches thick, and the 
top layer 1 inch thick. The surface is finished rough to give a 
good foothold. 

The offal is collected for removal by means of tubs, which are 
taken when fuU on iron two-wheeled carriages to the crane in the 
main roadway, and hoisted up and emptied into the tumbler cart, 
and carted away each day by a contractor, who pays 2d. 6d, a ton 
for it. Yon will notice that the carriages and tubs are so arranged 
that one man can easily load the tubs and tip them into the 
tumbler cart. 

The following is a short description of each block : — 

I. Cattle and Sheep Slaughtbbhouse Blooe. 

This block consists of seven slaughter-houses, each 18 feet by 
18 feet, and seven cooling-rooms, 18 feet by 12 feet each. There 
is room to keep the carcases of 12 beasts and 64 sheep in each 
cooling-room, and 12 more beasts and 36 sheep in each 
slaughter-housa That is to say, that 168 beasts and 700 sheep 
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can be slanghtered in one day, and the carcaaeB left on the premises 
to cool. 

The slaughter-houses are fitted with oyerhead rails, which nm 
through the slanghter-honses and cooling-rooms, and out under the 
overhanging roof, which projects 6 feet into the loading alley ; the 
latter is to enable the carcases to be loaded for the market under 
coyer. The beasts are hung from the overhead rails, and the 
sheep from side rails fixed to the walls, just above the glazed brick- 
work. 

II. Laibage Blook. 

To the west, on the opposite side of the slaughter-house alley, 
each of the slaughter-houses has lairage for cattle and sheep. The 
byres hold four cattle each, and are 15 feet 1 inch by 11 feet 
3 inches. The sheep sheds hold 30 sheep each, and are 15 feet 
1 inch by 13 feet ; they are divided down the centre by an iron 
railing and a water-trough. The doors to these lairs are so 
arranged that the animals are obliged to go the way they are 
wanted to. The total number of animals that can be kept in these 
lairs is 29 cattle and 210 sheep. 

The Corporation have decided to build an additional byre to hold 
16 cattla 

III. Pia SLATrOHTEB-HOUSB BlOOK. 

This block consists of a pig slaughter-house, 30 feet 6 inches by 
30 feet ; a cooling-room, 34 feet 6 inches by 30 feet ; a boiler-house, 
30 feet by 10 feet ; and a tripery, 30 feet by 15 feet. 

The slaughter-house and cooling-room are fitted up with three 
rows of overhead rails, with three scalding tubs at the west end, 
and three large doors, 7 feet 6 inches wide, at the other end, where 
the carcases can be loaded for market, lliese doors are fitted with 
Attwood's patent rolling shutters. The tubs are heated by steam 
direct from the boiler ; steam is also laid on into the tubs in the 
tripery. The building is lighted by a glazed portion along the 
whole length of the centre of the roo( with louvres for ventilation 
on each side of it. It is also ventilated by means of movable 
louvres in the north wall ; 234 pigs can be hung in the cooling- 
room, and 102 more in the slaughter-house, making a total of 336, 
which can be killed in a day and their carcases left to cool. 
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IV. PlGOEBIES. 

The piggeries consist of fonrteen separate pig-sties, with a raised 
range and inspection passage down the centre. The feeding- 
tronghs are placed along the front, and the pigs are fed through 
doors, hung so that the troughs can be either shut in or out of the 
sties. Each piggery will hold fifteen pigs, making a total of 210 
pigs which can be kept in the piggeries. 



y. Thb Offxob Block. 

This block is situated near the entrance, and consists of a super- 
intendent's office, 15 feet by 13 feet ; store-room, 15 feet by 18 feet ; 
fodder-house, 15 feet by 20 feet; meter-house, 8 feet by 8 feet; 
w. c. and urinal. 

Nearly all the butchers in the city have gone into the slaughter- 
houses, which are paying their working expenses and the interest 
on the money borrowed for their construction, though they have 
only been opened six months. 

The following are the charges made : — 

Silling a beast, Is. 
„ cal^ 6d. 
„ sheep and lambs, 2d. 
» pig, 6d. 
„ pig under 56 lb., 3d. 

Lairage after the first 36 hours — ^beasts, 3(2. a day ; pigs, sheep, 
lambs, and calves. Id. a day ; half these charges are made if the 
animals are kept in the paddock outside. 

Accompanying this paper is a smaU scale plan and sections of the 
slaughter-houses as they are built, and also a small scale plan of 
the author's original design, which shows the building containing 
cooling-rooms, and cold dry aur rooms artificially cooled. This is 
what might be required if the whole of the slaughtering for the 
city and export trade was to be provided for. 
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POLICE OFFICE AND CELLS, CARLISLE. 

By H. U. MoEib, M. Ikst. C.E.^ Gitt Subyetob, Oart.tht.tb, 

In 1879 the acconunodation at the police office was found inade- 
qnate, there being only two small cells on the lower basement 
floor, 5 feet 4 inches by 8 feet, and three cells on the basement 
floor, 9 feet by 6 feet The chief-constable's office was only 
15 feet by 6 feet 6 inches ; the day-room, 15 feet by 14 feet ; 
committee-room, 24 feet by 16 feet ; and on the present site there 
was also the chief-constable's honse, consisting of kitchen, sitting- 
room, three bedrooms, pantry, and w.c. 

The Watch Committee requested the author to prepare plans 
giving extra accommodation, doing away with the old chief- 
constable's house, and building a new one, to the north of the 
police office, but not communicating with it. 

After folly considering the subject and making several sketch 
plans for the committee, the author recommended the Watch 
Committee to gut all the interior wall out except the staircase, and 
entirely remodel the interior of the police office. The result was 
to get six cells on the lower basement floor, which is the same level 
as the ground at the outside of the old city wall, and level with the 
drill ground, nine cells on the basement floor, — ^in all fifteen more 
convenient and larger cells than the five old ones. 

On the ground fioor or level of the west waUs and the principal 
entrance to the police office, the day-room was increased to 

22 feet 3 inches by 14 feet 6 inches; the sergeants' office 
14 feet 9 inches by 13 feet 3 inches, there being no sergeants' 
office before ; a chief-constable's office 14 feet 9 inches by 13 feet 
3 inches; committee-room and Ubrary for records of patents, 

23 feet 6 inches by 22 feet 3 inches ; passage, 6 feet 6 inches wide, 
in lieu of the old passage, 4 feet 6 inches wide. 

The boiler-house for heating apparatus is on the lower basement 
floor, and all the cells are heated with 4-inch diameter hot-water 
pipes. 

The ventilators are so arranged that the ventilation of all the 
cells or any one of them can be manipulated from the day-room 
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T/ithont going near the cells^ and it can be seen at onoe how each 
cell is yentilated from the day-room — ^ventilating regulator and 
indicator. 

The whole of the building is well yentilated, and each w.c. soil- 
pipe has a separate yentilator carried above the roo£ 

The alterations were eztensiye. In addition to the police office, 
a new chief-constable's house was erected four stories high, and has 
front and back entrance, the latter entering the drill ground. 

The house contains dining-room, 14 feet 16 inches by 18 feet; 
drawing-room, 12 feet 3 inches by 14 feet ; five good bedrooms ; 
kitchen, 14 feet by 11 feet ; bathroom, 2 w.c.'s, layatory, pantry, 
scullery, washhouse, storeroom, coal-house, &c. 

£ 8. d. 
The cost of remodelling the police office was .. 1770 
The cost of building the chi^-coDBtable's house waa 850 

The cost of police office and chief-constable's hoose 
being £2620 

The cost of the alterations at the police office was 5^(2. per cubic 
foot 

The cost of the chief-constable's house was 3^^. per cubic foot 

In getting out the cost per cubic foot the height of the building 
was taken from the top of the footings to half-way up the gable. 

The small scale plan and sectional elevation ^ows the general 
arrangements. The passage to the basement floor cells is lighted 
by Hayward's patent floor and stall lights. 

OaptaintheHon. G. G. Legge, H. M. Inspector of Constabulary, 
in his annual report to the Home Secretary for 1880, says: 

** The police buildings are undergoing eztensiye alterations ; it is 
intended to convert the head-constable's quarters into six good cells. 
The improvements were much needed and will £Etcilitate carrying on 
the duties of police." 

In his report the following year, he adds : '^ The alterations 
referred to last year in the police buildings have been satisfsu^torily 
completed." 

Captain Wilson, H. M. Inspector of Prisons, inspected the police 
cells, and said that they were very good, and that he could safely 
report &yourably on the construction and accommodation of the 
police cells, west walls. 
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GULLIES. 
By H. U. MoEIE, M. Inst. C.E., City Sxtbyeyob, Gasuslb. 

The accompanying plan shows a gnlley which, by simply revers- 
ing the sludge box, can be left trapped or nntrapped. 

It will be seen that the slndge box has Ings cast on it which 
rest on corresponding Ings cast on the gnlley ; there are two sets 
of lags on the latter, and by turning the box it can be made to 
rest on the higher or lower set, and the gidley left nntrapped or 
trapped at will. 

The object in having gnlleys of this design, is to oreroome the 
difficulty of haying them frozen, as during a frost they can be 
left nntrapped. 

It might also be useful to have gulleys to ventilate sewers in 
isolated places. 
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RECORD OF HOUSE AND OTHER JUNCTIONS 
ON MAIN SEWERS. 

By H. U. MoKIE, M. Ihot. C.E., City Subvbyob, Carlislb. 

Thb importance of haying a trae record of house and other 
junctions will be patent to all who have been bothered for the want 
of such a record. The records prevent injury to the sewer, as it 
need not be cut into, injured, or disturbed by opening, and the 
private drain connection with the sewer can be made at the least 
possible cost of labour and with the least interference with the 
traffic of the streets. 

The positions of the junctions have been fixed by taking the 
distance above or below house-door jambs, window jambs, line of 
buildings, street comers, and other prominent landmarks, as near 
as possible to the junction to be recorded. 

The following is an abstract from the record-book : — 





Distance 






Name of 
Street 


to Jnno- 

Uonfram 

some point 

near it. 


Description. 


GtMinage. 




ft In. 


CBight hand with flow of Sewer,) 


ft. in. 


Piom 


4 


Below line of Senhonse Street, lined from D. 


13 9 


M.H. A 




WilkinBon's shop front. 
Low side of lower jamb of honse door No. 45 




to 


4 


32 


M.H.D 


3 8 


„ „ „ passage Ist from Son- 


47 10 


12.moh 




house Street. 




pipes. 


2 


Low side of lower jamb at passage belonging to 
shop No. 43 (Regan's). 


52 10 




3 10 


High side of lower jamb of shop door No. 43 


63 




2 5 


Low side of spout between Regan's shop door and 
Gockton's snop. 


76 3 










6 


High side of high jamb of Gockton's shop door .. 


89 6 




2 


Low side of lower jamb at passage between 
Oookton's and Nicholson's (solicitor) office. 


104 




3 6 


Low side of lower jamb of office door belonging to 
Nicholson, solicitor. 


117 3 




4 


Below line of low side of Catherine Street .. .. 


135 9 






UptoM.H. B 


152 9 




4 6 


Below line of high side of Catherine Street 


9 4 




3 2 


Low side of lower jamb of Athenieum door . . 


35 8 




3 6 


Low side of spout for Athennum 


43 




9 9 


High side of high jamb of Athensum door . . 
Below line of Post Office gable end in Well Lane 


53 6 




1 3 


77 






UptoBLH.O 


81 6 
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NHmeof 
Street. 



Distanoe 
to Juno* 
tloDfrom 
lonae point 
near it 



DucrlptkUL 



CluinAge. 



From 
M.H. A 

to 
M.H. D 
12-inch 

pipes. 



ft. in. 

8 6 

8 6 

9 



6 6 
5 2 
4 10 

3 8 

1 7 

11 4 

2 4 

7 
1 10 

3 4 

8 
1 8 



7 

1 6 

2 
5 3 
4 

8 9 



5 8 

3 6 

5 2 

8 4 



High Bide of high jamh of No. 31 

Low fiide of wooden spout between No. 81 and 
house above. 

Below line of low side of Queen Street 

UptolLH. D 



{Left hand with JUno of Sewer.) 

Below line of Senbouse Street, lined from Wilkin- 
son's shop front. 
High side of high jamb of Ist door above Smith's 

shop door. 
High side of high jamb of 2nd door above Smith's 

wop door. 
Low side of spout, Ist from Senbouse Street 
High side of lower jamb of yard door of house 

with six steps in front, or 7 feet high side of 

gable end of same house. 
Low side of gable end, high side of building 

ground. 
Low side of spout near comer of house, high side 

of building ground. 
Low side of lower jamb of door of No. 54 
High side of high iamb of door No. 52 
Low side of spout between Nos. 52 and 50 
Low side of lower jamb of house Na 50 
Low side of high jamb of No. 48 . . 
UptoM.H. B 



Below line of high side of Catherine Street, line 

from AiheniBum. 
Below line of high side of Catherine Street . . 

Below line of lower jamb of No. 44 

Low side of lower jamb of No. 42 .. 

Low side of spout on Post Offioe 

Below line of Post Office gable end in Well Lane 
XJptoM.H. 



Low side of spout, 1st from Well Lane 

High side of high jamb of 1st house from Well 

Lane. 
Low side of wooden spout in comer of house 

No. 84. 
Low side of lower jamb of passage between Nos. 

82 and 80. 
UptoM.H.D 



ft. 


in. 


11 


9 


16 


9 


53 


2 


67 





11 


8 


28 


8 


49 


6 


57 


5 


68 


G 



81 9 

91 6 

.98 4 

115 

122 9 

180 

148 9 

152 9 



6 10 

12 3 
22 



40 
45 
74 



81 6 



13 7 

27 

34 6 

60 8 

67 



The term used, '^ high side " or ** low side " of jamb, &c., means 
that the junction is so many feet and inches below or above the 
object named. The ^' high side " means np the inclination of the 
sewer, and the ** low side " means down the inclination of the sewer. 
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The measnrements where practicable are squared off from the line 
of buildings, &c., so as to be able to fix their position to a nicety. 
The right or left hand with flow of sewer, means that the 
junctions are on the right- or left-hand side of the sewer looking 
down the flow of sewer. 

The chainage of the junctions always commences from the centre 
of man-hole cover of the nearest man-hole down the flow of sewer 
and chained np to the next man-hole np the flow of sewer ; thus the 
figures on the plan denote that the junctions are so many feet and 
inches aboye the nearest man-hole at the lower side of the sewer ; 
and it is only necessary, when the position of a junction is required 
to be found, to refer to the plan to find which is the most suitable 
junction for the connection of the property to be drained, and then 
turning to the record of junctions, opposite the length given on the 
plan will be found a description as to the position of the junction 
with regard to door jambs or other landmarks, or, if a junction is 
wanted for any connection, it can easily be found from the record 
book alone by the description given, as any one having the book on 
the ground would be able to determine IJie exact position of each 
individual and separate junction on every line of sewer. 
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LAZONBY FLAGS, NEAR PENRITH, 
CUMBERLAND. 

By H. U. MoKIE, M. Inbt. CE., Orrr Subvbyob, 
Cabuslb. 

Some Pabtioulabs and Tbsts of thb Lazoijcby Flags. 

Thbsb flags haye been used in Carlisle from time immemorial ; 
they are very durable, and give good foothold when wet or dry. 
Some of these flags in the footways in Carlisle streets have been 
in use oyer 60 years, having in that time been taken up, redressed, 
and relaid* Good selected smooth self-faced Lazonby flags of first 
quality, when laid on a good foundation on a one-inch bed of 
ground mortar, will wear evenly down from 8 inches to If inch 
in thickness or less. 

The second quality flags do not wear evenly, nor are they 
durable or desirable for heavy traffic in public street footway& 

The author has, however, seen no flags which, in his opinion, 
are equal to good self-jhoed first quaUty Lazonby flags. 

Geological Fobmation of Lazonby Flag Book. 
Permicm Books hetween Penriih and Carlisle. 
St. Bee's sandstone. 

Permian I ^^ ^^^'. ^^^ gyps^^. 

Magnesia limestone and plant beds. 
Penrith sandstona 

The Penrith sandstone is an immense mass of orange, red, and 
yellowish sandstone, forming the lowest member of the Permian 
group in the district around Penrith. 

The Lazonby stone and flags constitute part of the Penrith 
sandstone. About Appleby and Brough the lowest beds of this 
rock pass into a breccia, generally known in the district as 
brockram. 

There are two marked characteristics by which the Penrith 
sandstone is distinguished, viz. the large scale upon which the cross- 
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Btratification or Mbb bedding is developed, and the angnlar or 
sub-angnlar shape of ihe quartz grains, which mainly enter into 
its composition ; so excessiye is the amount of &lae bedding, that 
it is almost impossible to obtain an accnrate idea of the amount of 
the tme inclination of the rock. 

The Penrith sandstone, besides being the principal source from 
which all the local building stone is obtained, yields excellent 
flags. These flaggy beds are largely developed on Lazonby Fell, 
hence they are (»lled Lazonby flags. The lamination of these 
flags is not parallel to the general plane of the stratification, but 
is the result of false bedding. Hence the flags do not occur in 
regular layers, but in detached patches ; consequently a consider- 
able area on Lazonby Fell is covered with rubbish from quarries, 
where flags have either been got or tried for. 

Angular or only slightly rolled small grains of quartz covered 
with a thin layer of haematite form the main constituent of this 
sandstone. Li the interstices between the quartz grains are white 
soft pasty-looking grains, mainly fragments of felspar more or less 
decomposed. Both the haematite and the felspar act as the 
cementing material. Mica is very seldom present. 

There are some white beds in the Lazonby flags, but not to a 
great extent. There is no film of haematite round the grains of 
quartz in the white flags. The matrix is still of felspar, and the 
greater hardness seems to be due to the filtration through and 
crystallisation of the secondary quartz round the original grains ; 
hence the bright glistening appearance. 

Analysis of the white beds of Lazonby flags is as follows: 
Silicic add, SiOa — 95 * 12 ; aluminium oxide, AlaOs 2 51 ; ferrous 
oxide, FeO— 1*19; calcium oxide, CaO— 0*18; water, 085: 
Total, 99-85. 

A considerable portion of the Penrith sandstone, especially the 
upper beds of the series, exists in a soft, half-consolidated state, 
and is utterly worthless for building purposes. 

The lower and harder beds contain a varying quantity of double 
six-sided pyramids of quartz. The sides are usually well defined 
and bright. To these bright crystals is due the sparkling 
appearance which the rock generally presents. 

The crystallized forms seem to be due to the deposition of 
secondary quartz around rounded grains as nudeL Since the 
crystallisation took place the grains have been partly water-worn 
prior to final deposition in their present position and before the 
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coating of haematite was formed aroimd them, hecanse the 
hsdmatite oovets both the rubbed and unmbbed &oe8 of the quartz 
orystals alike. 

The Penrith sandstone rock is coarser-grained, and in this 
respect is somewhat like a millstone grit, whereas the St. Bee's 
rock is finely grained and very evenly bedded. 

The author noticed in the Nith and the Scar valleys, near 
Thomhill, a bed of sandstone very similar to the Lazonby beds. 
This is the only other bed that the author has seen like the cme at 
Lazonby. 

COMPABATIVB TbSTS OV LaZONBY AlfD OTHER FlAGS. 

The different descriptions of the tests are as follows, viz. : — 
I. Comparing their absorbent powers. 
II. Their wear when rubbed on a plain surface. 
III. Their microscopical appearance. 
lY. Their wear when subjected to the action of a drilL 
y. Their adhesive strength. 

J. The absorbent patoers of the different Stones. 

All the stones were carefully dried, weighed, and then immersed 
in water for 27 hours, and then re-weighed, which gave the 
following results. 

Tabulated SrATEMEirr of Weight of a Cube Foot of Lazonbt Stone. 



Kame of Stone. 



Weight per 

eft wnen 

dry. 



Weight per 

cfV. when 

wet. 



Absorbent 

powers per 

eft. 




LaEonby Old Quarry (white) 
Lazonby New Quarry Tred^ ., 
Lazonby New Quarry (white) 

Bleasfell Quarry 

Nepstone 

Haltwbifltle Quarry 

Caithness 



lb. oz. 

158 15 

159 6 

151 ^3 
147 4 
150 12 

152 1 
163 4 



lb. 01. 
156 10 
161 11 

154 13 
150 13 
152 10 

155 8 
163 4 



lb. OB. 

2 11 
2 5 

2 4 

3 8 
1 14 
3 7 
00 



IL Wear of Stones hy Frietion. 

All tke stones were now reduced to one thickness, 2 inches^ and 
placed on a reyolying circular metal float for two hours, being all 
the time supplied with sand and water to assist the grinding. 
During the two hours they trayelled over a space of 20 miles. 
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Tabulated Statement of Wbab oi" Stone by Pbiotion. 



Name of Stone. 


Result of test in hundredths 
of an faKb. 


. /No. 1. Lazonby Old Quarry (white) 

^1 2. Lazonby New Qnarry (red) 

§f 8. Lazonby New Quarry (white) .. .. 

S| 4. Bleasfell Quarry 

•^ I 5. Nepetone 

6. Haltwhistle 

7. Caithnefis 


No peroeptible wear 

lOO 

No peroeptible wear 

ToTF 



IIL Tdhvlated Statement of Mieroscopicai Examination 
of Stone: 



Name of Stone. 




rNo. 


1. 


Lazonby Old Quarry (white) 


Is a round grit, and the grains 










very adhesive, having in it a 


. 








number of small grains pure 


^" 








white and soft like paste. 






2. 


Lazonby New Quarry (red) .. 


Same as above. 




8. 


Lazonby New Qnarry (white) 
BleasfeU Quarry (red) .. .. 


Same as above. 


• 


4. 


Is a coarse grit, the grains uiiad- 
hesive and full of vacuities. 














5. 


Nepgtone .. 


Same as Lazonby red, or a little 


^ 






more adhesive. 




6. 


Haltwhistle 


Very olose grained and very 
adhesive. 




7. 


Caithness 


Same as H>iltwhistlc, but finer 
grain and more adhesive. 



IV. Test hy Drilling the Stone. 

All the stones were drilled for the space of one minute with a 

|-inch drill and loaded on the top with 100 lbs. The drill was 

set to an angle of 105 degrees, and performed 32 revolntions per 

minnte. 

Tabulated Statement or Drill Test. 



Nsme of stone. 



Resttlt of Test 



No. I. Lazonby Old Quarry (white) 

2. Lazonby New Quarry (red) .. 

8. Lazonby New Quarry (white) 

4. BleasfeU Quarry (red) .. .. 

5. Nepetone 

6. Haltwhistle 

7. Caithness 



Depth drilled ^ of an inch, taking 
Lazonby as standard or 100 per oent. 

Same as above. 

Same as above. 

Depth driUed ^' 
»> »» iVo 

»» »> T^ 
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F. Adhesive Strength of Stone. 

All ihe stones were again tested as to their adhesiye strength 
as per annexed diagram. The square comer of the flag projecting 
over space 4 inches measured on the sides of the square and the 
weight applied 1 inch from the comer measured on the inter- 
section of the right-angle. 

Tabulated Statement op Adhesive Strength of Stone. 



Name of Stone. 


RoBultofTest. 




'No. 1. 


Lazonby Old Quarry (white).. 


Weight sustained in lbs. 748, being 
14i per cent of strength of Oaithness. 


^ 


2. 


Lazonby New Quarry (red) .. 


No test, say same or a little less. 




3. 


Lazonby New Quarry (white) 
Bleaafell Qaarry (red) . . . . 


)» fi fv 


4. 


Weight sustained in lbs. 298, being 






6 per cent, of strength of (Caithness. 




5. 


Nepetone 


Weight sustained in lbs. 760, being 

15 per cent of strength of CJaithneas. 
Weight sustained in lbs. 1642, being 




6. 


HaltwhiflUe 








32 per cent, of strength of Caithness. 
Weight sustained in lbs. 5100, being 




7. 


Caithness 








100 per cent as standard. 



Digest of thb FosEGoma Tests. 

I. That Bleasfell is 56 times more absorbent than Caithness. 

Lazonby, 43 to 36 „ „ „ „ 

Nepstone, 30 „ „ „ „ „ 

II. When subjected to the metal float test, we haye Lazonby 
and Nepstone isx the best, not having worn any, Bleasfell only 
Y^ of an inch, and Oaithness y^ of an inch. 

lY. When drilled we have Lazonby and Nepstone the hardest, 
and if we call these the standard or 100 per cent, we haye 
Haltwhistle 77 „ „ „ 

Bleasfell 37 „ „ 

Caithness 47 „ „ „ 

Y. When tested as to strength by applying pressure as per 
diagram. 

Calling Caithness the standard or 100 per cent, 
Haltwhistle 32 „ 

Nepstone 15 „ 

Lazonby 14^ „ 

Bleasfell 6 „ 

The substance of the foregoing tests has been extracted from 
an unpublished report to the author's council on Lazonby flags 
which he made 30 years ago. 
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MUNICIPAL WORK IN CARLISLE DURING 
THE LAST ELEVEN YEARS. 

By H. U. MoEie, M. Inst. O.E., City Survbyob, Carlislb. 

Thb area of the city until last year was 1570 acres, but an 
Ommbns Act was obtained in 1887 to extend the boundary, &c., 
making the present area 2029 acres. 

The population at last census was 85,866 ; it is now estimated 
at upwards of 40,000. 

The rateable value of the city in 1877 was 107,1 51Z. ; it is now 
153,332Z. 

Most of the streets in the city were paved with cobbles until 
eleven years ago. Many of the private streets were not paved at 
all. Since then the following works of street re-formation have 
been carried out. 

62 public streets have been re-formed and re-paved (including the 
main streets of the city). 

102 private streets lutve been formed and paved. 

The total length of streets re-formed is nearly 16 miles. 

150,740 square yards new pavement have been put down, made 
up as follows : — 

43,625 Bquaxe yards 4 Id. whiDstone cnbes. 

12 ,460 „ „ 8 in. by 6 in. to 4} in. by 6 in. whinstone setta 

2,032 „ „ Whinstone random blocks. 

53,455 tj if yy chips. 

4,905 „ „ 3 in. by 6 in. to 4 in. by 5 in. granite setts. 

375 „ „ 4 in. „ cubes. 

636 „ „ Granite random blocks. 

33,252 „ „ cobble or bonlder pavement. 



150,740 Total Squakb Yabds. 



The bulk of the whinstone paving stones came from Gieenhead 
Quarries, Northumberland, from the bed called the Whinstone Sill, 
and some from Brampton, near Carlisle, from a trap dyke. The 
granite came from Dalbeattie, and from the Threlkeld (syenite) 
Quarries. In addition to the public and private street formation, 
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exiensiye works of re-makmg and metalling liave been carried ont 
on the macadamified roads. 

In footways, 42,047 square yards new 3-inch Lazonby flagging 
have been laid, and 28,153 lineal yards new 12-inch by 
7-inch edging, and 21,355 lineal yards new 10-iilch by 5-inch 
channelling ; 32,062 sqnare yards flagging, 10,961 lineal yards 
edging, and 13,967 lineal yards channelling have been re-dressed 
and relaid — ^making the total flagging executed 74,109 sqnare 
yards; edging, 39,114 lineal yards; and channelling, 35,322 lineal 
yards. 

Besides the usual sewer repairs, 66 new sewers have been 
put in, and many improyements made to storm water outlets, and 
flushing arrangements of the existing sewers. The ventilation of 
the sewers has been assisted by removing the close lamp-hole and 
manhole tops, which have been superseded by ventilating covers, 
and twenty-eight of the tall chimneys in the city connected with 
the main sewers, to assist in their ventilation. Important works 
in town improvement have been carried out. Principally owing to 
extensive railway alterations, it became necessary to obtain an Act, 
and by arbitration and otherwise acquire valuable property, in order 
to build a viaduct to communicate with the west of the city ; but 
in the same Act power was obtained to improve other parts of the 
city. Old rookeries in Annetwell Street and Irish Gate Brow also 
were purchased, knocked down, and the street widened and opened 
out, and a dangerous hollow between this street and the Caldew 
bridge filled up. The old property in White Hart Lane running 
parallel with Bank Street was purchased and demolished, and Bank 
Street widened from a flagged footway from 11 feet to 17 feet 
6 inches wide, to a 60-feet street, and now one of the principal 
streets in the city. 

Property in Fisher Street and Scotch Street was acquired, where 
a new market is at present being constructed. 

Upwards of 150,0002. has been expended upon purchase of 
property, parliamentary and law expenses, new works, repairs to 
property, &c., but over three-quarters of this amount is covered by 
the railway companies' contribution, sales of property, and value 
of property held, &c. 

The Corporation own some 320 acres of grazing land adjacent 
to the city, and a quantity of house, shop, and other property at 
which considerable work has been done in improving the same. 
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Amongst ihe misoeUaneons works carried out are the follow- 
ing:— 

New public slaogliter bouses. 

Butter and egg market extension. 

Biver protection embankments, and weiring Corporation 

lands. 
Town Hall beating, ventilating, and alteration. 
Police Office extension, and new bouse for cbief-constable. 
Boyal sbow (Corporation work). 
New mortuary. 
New offices for town clerL 
New sewage screening cbamber. 
New bridge at Holme Head. 
Laying out Court-bouse sbrubberies. 
New fire-engine station. 
Alterations at bouse of recovery. 
Laying out West Walls Orcbard and Sbubbery, Caldewgate, 

planting avenues of trees in tbe streets, and in tbe 

Sauceries, &c. 

Since 1877, tbe sum of 34,585Z. bas been borrowed for street 
re-formation works, 6240Z. for public slaugbter-bouses, 10,000Z. 
for purcbase of land, 13,7002. for purchase of property in Market 
Place and under tbe Town Hall, and 30,0O0Z. for tbe new market 
now in progress. 

Tbe tofaJ rates in Carlisle, including poor-rate, scbool-board 
rate, &c., amounted last year to 4s. 2<2. in tbe £. Tbe general 
district rate, wbicb stood for some years at 3s. in tbe £, is now 
2& Id. in tbe £. 

Tbis paper only includes municipal work in tbe author's depart- 
ment. In addition to that there is tbe extensive work carried 
out by the Gas and Water Committees, under their manager and 
engineer, Mr. Hepworth, during tbe same period. 
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THE CARLISLE PUBLIC BATHS. 

By J. HEPWORTH, Assoc. M. Inst. 0.K, Enginebb of thb 
Oabublb Corporation Gab and Water Wore& 

At the request of the President of this Association, the author has 
gladly undertaken to contribute a short description of the baths 
recently erected by the Corporation of Carlisle. 

These baths were erected in 1883-4 on a comer site — ^bounded 
on two sides by James Street and Wood Street, Victoria Viaduct — 
previously unoccupied and belonging to the Corporation. 

The frontages in James Street and Wood Street are 100 feet 
and 125 feet respectively, and the total area about 1378 square 
yards. 

The building was intended to be simple and unpretentious in 
character, and is designed in the domestic style of architecture, 
carried out in red brick, relieved with red-stone dressings and 
terra-cotta panels, all of local production. 

The basement has been fcdly utilised, and in addition to the 
space occupied by the swimming baths, hereafter referred to, ample 
space has been allotted to a boiler-house, workshops, laundry, and 
other purposes. In the basement perfect access is obtained to the 
whole of the exterior sides of the three swimming baths, and to 
the whole of the water inlet and outlet pipes, to every bath, and 
to every drain throughout the building. The subways or base- 
ment floors are formed of cement concrete. 

The ground floor is approached by a few steps from the 
principal entrance, James Street. To the left of this entrance, 
the office and residence of the superintendent are situated, and 
from the window of this office tickets and towels are supphed to 
bathers before admission to the entrance hall. 

The entrance hall forms an important feature of the building. 
This hall is 20 feet long by 11 feet 6 inches broad, and 16 feet in 
height, and from it. the entrances to all the different sections of 
the baths radiate. The floor is laid with decorated tiles ; round the 
walls of the hall is carried a panelled and moulded dado of pitch 
pine ; the ceiling cornice, doors, and all the woodwork are also of 
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pitch pine. The npper panels of the vestibule door ore glazed in 
leaded panes and bear the two coats-of-arms of the city of Carlisle, 
and the upper panels of the other doors leading from the entrance 
hall are glazed with obscured glass, with the names of each bath 
cut thereon. 

A slab of marble inserted in one of the walls of the entrance 
hall records the date of erection, the names of the mayor, the 
members of the Baths Committee, and of the engineer and architect; 
also the source of the funds out of which the baths were erected. 

The baths have been divided into four sections, three of which 
are completed, viz. : — 



Section 1. Gentlemen's first class bath. 
„ 2. „ second class „ 

3. Ladies' first and second class ,, 



The fourth section has been reserved for a Turkish bath which 
has not yet been constructed. The separate entrance to each 
section is indicated on the renpective doors within the entrance 
hall. 

The whole of the slipper baths are of porcelain, and the 
swimming baths are constructed of cement concrete. 

Section I. 

In section 1 (gentlemen's first dass), situated in the north 
wing, the entrance corridor divides the slipper baths from the 
swimming bath. There are four sUpper baths — supplied with hot 
and cold water, with shower attached. Lavatories are fixed in 
each apartment, and the fittings throughout are of the most 
modem and complete character. 

There are also vapour and spray baths. 

The swimming bath in this section is approached from the 
opposite side of the corridor, and is 60 feet by 30 feet, by 3 feet 
6 inches deep to the water line at one end, falling to 6 feet 
6 inches at the other. The bath is constructed of cement concrete, 
the side walk being 2 feet in thickness, and the floor 12 inches in 
depth. The bottom is paved with white glazed bricks, with three 
parallel lines of brown glazed bricks along the entire length for 
the guidance of divers. The sides are tiled with white glazed tiles 
bordered at the top with tiles of a pale blue pattern. Steps of 

T 2 
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masonry lead down into the swimming bath at each end. Hand- 
rails are fixed ronnd the sides of the bath, and overflows (also used 
as spittoons) are fixed at conyenient distances on the water line. 

The water is mn into this bath by a 4-inch main, and also by a 
spray pipe at the shallow end of the batL The water in the bath 
is heated by a snpply of steam introdaced at the deep end of the 
bath, and the water is discharged at the outlet into a 12-inch 
diameter pipe, leading to the public sewer. The footways round 
the bath are laid in coloured tiles, with freestone coping. 

There are seventeen dressing-boxes arranged round the footway, 
and the necessary toilet arrangements have been provided through- 
out. 

The dimensions of this apartment are 72 feet long by 39 feet 
broad, and the walls rise to a height of 14 feet, being worked in 
panels. 

The dado, mouldings, and pilasters are in red brick, and the 
panels in buff, relieyed by a cornice of torra-<x)tta bricks. 

Sunning along the greater length of this wing is a lantern light 
in the roof of this building, which seires the double purpose of 
giving light and ventilation, and is so constructed as to effectually 
fulfil its purpose. The roof is constructed of Ught ironwork of an 
ornamental character, and is painted in plain colours. 

As adjuncts to the swimming bath there are, a foot-bath, with 
shower bath attached, a lavatory, urinal, diving-stage, and a drink- 
ing-fountain of Doulton ware. 

Section II. 

In section 2 (gentlemen's second class), situated in the south 
wing, 75 feet long by 57 feet broad, there are seven slipper baths, 
also a vapour and a spray bath. The swimming bath is 65 feet by 
30 feet, and the depth of water is the same as in the first class, and 
as the bath is constructed, lighted, and ventilated in the same 
manner, no further reference to it is necessary. In this section 
28 dressing-boxes have been provided on the north and south sides 
of the bath. Above the dressing-boxes, balconies with balustrade 
and seats are provided for the use of spectators on the occasion of 
a swimming entertainment or competition. The balconies are 
approached by a stairway leading from the footway, and a foot-bath, 
shower-bath, fountain, and the necessary adjuncts have been pro- 
vided as in Section I. 
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SXOTIOK IIL 

Section 3 includes the ladies' baths, subdiyided into first class 
and second class. Within the entrance to this section a ladies' 
^miting-room has been provided, and a corridor leads to the yarions 
hatha There are 4 slipper baths, 1 Boman, 1 yapour, 1 spray, 
and 3 shower hatha A swimming bath, 29 feet by 16 feet, with a 
depth of water from 3 to 5 feet, 7 dressing-boxes, a foot-bath, and 
the nsoal adjuncts^ fnmishingef, and toilet arrangements complete 
this section. 

Skction IV. 
Section 4 is reserved for a Turkish bath if required. 

LiGHTma. 

The swimming baths and most of the slipper baths are lighted 
from the various roofs, the remainder from windows in the front of 
the building. The arrangements for lighting the swimming baths 
in the evening are by gaseliers of a simple design, made of wrought 
iron, painted and relieved, and suspended from the roof immediately 
above the several baths. 

HsATiKa. 

The arrangements for heating the building are as complete as 
possible in every respect. 

Hot-water pipes are laid throughout the whole building, those in 
the swimming and slipper baths being of three inches diameter, 
and laid through the dressing-boxes ; while the entrance hall is 
heated by a coil of pipes within an ornamental cast-iron case. 

Ventilation. 

Ventilators of the Tobin priuciple have been fixed in the several 
swimming apartments, and these, with movable openings in the 
lantern lights, constitute the provision for ventilation. 

Water Supply. 

An abundant supply of pure water is obtained from the public 
mains, from which a 4-inch main has been laid into the building ; 
the water used is measured through a 4-inch water-meter, but is 
now provided free of charge by the Urban Sanitary Authority. 
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Steam Boilebs. 

Two Cornish boilers, 16 feet 6 inches long by 5 feet, and a 
water saperheater, fixed in the basement story, hare been found 
necessary for heating the water supplied to the slipper baths, and 
for providing the requisite steam supplied to the swimming 
baths, vapour baths, and laundry. The swimming baths are kept 
at a tepid temperature throughout the year. 

A chimney 100 feet high stands in the rear of the boilers. 

Laundby. 

The laundry is supplied with Bradford's apparatus, including 
washing boiler, washing troughs, washing machine, wringer, rinser, 
soap boiler, clothes bins, hydro-extractor, and drying-closet, fitted 
with six sets of travelling horses running on castors. Steam has 
been utilised for all laundry purposes, and a small engine of two 
horse-power drives all the machinery. There are entrances to the 
laundry and boiler-house from Wood Street. 

Cost of Baths. 

The contracts were undertaken by local firms, who carried ont 
the work with the greatest satis&ction. 

The entire cost of the building, baths, and furnishings vras 70002., 
and was provided from the profits of the Gas Works, specially 
appropriated for the purpose from the city fund, and the engineer 
of the Gas and Water Works was employed as the engineer and 
architect for the baths, and was ably assisted by Mr. H. Higginson, 
architect, Carlisle, then a member of his staff. 

The baths were erected to meet a pressing want in the city, and 
for this purpose the tariff of charges was fixed at a low rate. That 
this want has been met is abundantly evident in the appreciation 
and support which is regularly nccordcd to the baths by all classes 
of the community. 



Digitized by 



Google 



BISCUSBION. 279 



DISCUSSION. 

Mr. £gcoTT : With reference to the market, there is one question 
I shoald like to ask, and that is with regard to the spandrel girders. 
I do not see how the engineer is able to dispense with the bracket 
or seat for the girder at the top of the column. I should like 
Mr. Walmisley to tell us how he gets strength with such a small 
seat for the girder. 

Mr. PfiiTOHABD : I am sure that, taking the papers throughout, 
they have been most interesting and instructive. I scarcely feel 
any disposition to criticise them ; at any rate, I cannot criticise 
them adversely. Taking them in rotation, I think Mr. Walmisley 
has given us a fair earnest of what he can do, and what he is 
celebrated for doing — that is, a thorough theoretical and practical 
knowledge of the construction of iron roofs. I do not know any 
gentleman upon whose figures and calculations I should feel 
disposed to place greater reliance; and I only hope we may 
have the full calculations, which have been produced, printed 
in the * Proceedings ' of the Association. The point raised by Mr. 
Escott is, on the face of it, an important one; but I am sure 
Mr. Walmisley will be able to give us a good reason for having 
dispensed with the bracket. I was struck with the convenience of 
botii the baths and slaughter-houses. I have seen and inspected 
many public buildings of the kind, and it struck me that Mr. 
McEie had just arrived at the happy position of having enough, 
and nothing to spare. By his mechanical arrangements he has 
perhaps reduced the area somewhat as compared with other 
slaughter-houses I have seen, but he has overcome that difficulty 
by the mechanical contrivances for the killing and dressing of the 
cattle. Without setting myself up as an authority on the actual 
size, I think he has given all that is necessary. As regards 
general arrangement, ventilation, mechanical arrangement, and 
work of construction, it would appear practically faultiest The 
method of enamelled brickwork is a strong point in favour of 
such a building. It is totally impossible to maintain a proper 
system of sanitation in such a building unless you have a 
material forming its walls which you can cleanse simply by 
throwing water upon them. The adoption pf glazed brick is 
one of the strongest points in recommending the slaughter-house. 
The drainage appears to be perfect The flushing, which is auto- 
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matic in rainfiJl or in dry weaiher, not only carries away any filth 
from the place itself, bnt it also assists in flashing a main sewer. 
Judging from a sniff which I took at the manhole, there does not 
appear much necessity for that. It is quite a pleasure to see the 
deVer way in which the sewers are ventilated. Whether dis- 
infectants are used or not, I am not prepared to say ; but if no 
disinfectants are added to the sewage^ it says a great deal for the 
system of drainage in Carlisle. I should hare liked to have had 
some information &om Mr. McEie as to the disposal of the sewage 
of Garlisle. I belieye the sewers and house-drains, both as r^ards 
the inclination of the sewers, and the yentilation of the house- 
drains (carried out, I believe, chiefly under Mr. McEie's direct 
supervision) are, as far as I can see, perfect ; and I am sorry to 
say that few cities at the present time are in such a happy state as 
regards their sewers, and methods of ventilation. 

Mr. Straohan : I have been much interested in Vhat^ Mr. 
Walmisley has said about the market roof, and if he will be kind 
enough to tell me by what train he intends to go to London, I will 
make his life unhappy. I would like to utter a word of warning 
with reference to the concrete floors you are going to put in the 
new market The area of the floor is going to be over an acre ; 
practically the concrete would be all in one piece; and unless 
special precautions are taken, it will soon show cracks. If you lay 
concrete down in bays above ten feet square, the probability is 
that they will crack across ; whereas if you lay it down in squares 
of three or four feet, the result will be, that while the cracks are 
there, they will come at the joinings so regularly that the floor 
will present the appearance of being perfect in surfieica That is 
one of the little thmgs worth taking notice of, and when we come 
back to see the market, when it is finished, we will be happy^to 
see no cracks in the floor. I would like to call attention to; some 
of the results of the experiments on paving stones made by Mr. 
McEie, who, before I was bom, was a skilled and distinguished 
engineer. When the tables of results are placed alongside each 
other, some striking discrepancies are observable. The first experi- 
ment was made to show the porosity of the stone. One would 
suppose that the stone that was most porous was the one which 
would least stand the test of friction. The Caithness stone was 
practically impervious to water, and it also bore the highest strain 
transversely, lowing that it is the most closely packed together. 
There is, however, this curious fact, that while the red stone in 



Digitized by 



Google 



BISOUSSIOH. 



281 



Table I. took in SJ lb. of water, the Caithness stone[^took none ; 
yet, taking the test of friction, that stone was two and a half times 
better than Caithness. I also notioe that the stones which have 
the same ratio for friction on the snrface present a very different 
ratio indeed for the drilling, and one does not understand why they 
should do 80. After two hoars' mbbing, during^which^itrijraYelled 
twenty miles, the Lazonby Old Qnarry white stone did not show 
any perceptible wear, yet when the drilling machine wasi applied, 
after one minnte's drilling, the drill went to a depth of i^ths of 
an inch. The Bleasfell Qnarry stone, which{ under the friction 
test was worn by y^ths of an inch, under the driUing test showed 
^^ths of an inch. Then take the case of the Caithness stone, 
which absorbed no water, it was drilled in the same time ^^^ths of 
an inch, or more than twice the Lazonby Old Quarry stone. Then 
taking the test for the adhesive strength, one finds that the Caith- 
ness stone sustains a weight of 5100 lbs. and the Bleasfell stone 
298 lbs. One sees that the Caithness stone stood worst the test 
of drilling, and would like an explanation of these results. It 
would appear as if closeness of grain had little to do with strength 
or durability. The probabiUty is, that the lesson to be learned is 
that individual experiments in this way are not of scientific value, 
and that the great test is the test of the street in'^all kinds of 
weather, and with all kinds of traffic 

Mr. Laws : It is common experience that the Caithness flags 
which we get now will not stand many winters' wear ; they begin 
to spHt up and shell off. I do not quite understand that there is 
absolutely no absorption of water by the Caithness stone; but 
perhaps there may be a difference in this respect according to the 
character of the specimen. Although the dark Caithness stones 
wear longest, they are the most dangerous stone ; and as far as 
possible in Newcastle, I am discarding them in favour of Lazonby 
stone, which, although it does not last so long, is safer for streets 
like Uiose of Newcastle, where there are heavy gradients. There 
are, besides, only three or four days in the year when the Lazonby 
stones are not pleasant to walk upon, whereas the Caithness stones 
are often slippery in summer, and we have had to pay compensation 
to persons who have been injured by sUpping upon the Caithness 
flags. With regard to Mr. Walmisley's paper on the market roof, 
I do not see how he allows for the changes of strains produced by 
the alterations in temperature. I have not had occasion to use 
that particular form of rib, and I cannot remember a rib with that 
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particnlar form of trussing in any of the stations or large roofs 
with which I am acquainted. It appears to me that that form 
must result in some perplexing cross straina In my opinion, wiiJi 
the alterations of temperature there must occasionsdly be pressure 
outwards. I would like Mr. Walmisley to say if he has con- 
sidered that point. With the permission of this meeting, I should 
just like to say a few words with regard to the concrete. I must 
say I have often been surprised how it is that, with the same pro- 
portion of cement, in one case we get watertight concrete, and in 
another case we get concrete which is perfectly pervious. You all 
know that there has been some difficulty with regard to the con- 
crete in Aberdeen Harbour, and it has there been found that 
everything depends on the relative proportions of sand to cement. 
It is possible to make the concrete perfectly impervious, and it is 
possible, by changing the proportions of sand, to make it quite 
porous. 

Mr. Spenobb : Upon whatever other points a little difference of 
opinion may exist, or upon whatever other points information may 
be wanting, we are unanimous upon this, that the whole of the 
papers are most useful and valuable to us generally. With regard 
to the roof of the market, I would like to know what effect the 
variations of temperature will have upon the watertightness of the 
slated part of the roo£ I can bear testimony to the excellence of 
the public baths, although I do not know that, from the brief 
inspection we have had, it is possible to go so thoroughly into 
the details as to afford any ground for criticism. The Baths 
having been constructed of concrete, it would be interesting to 
hear if any leakage has been observed. The public slaughter- 
house I regard as a boon to the town. I should like to say a 
word with reference to compelling butchers to use the public 
slaughter-houses. All sanitary authorities who do not possess the 
powers in private Acts should take the earliest opportunity of 
obtaining powers to make the use of the public slaughter-houses 
compulsory ; because I am afraid that many authorities burden 
the ratepayers by putting up slaughter-houses at great expense, 
and then &il to induce those to use them who ought to do so. I 
must congratulate the authorities of the city upon the very excel- 
lent condition in which we, as experts and critics, find it to-day, 
and I also wish to say how pleased we are to have had this meet- 
ing with our valued friend, Mr. McKie. 

Mr. Bounthwaite: At the outset of the discussion reference 
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was made to Mr. McEie's slatighter-lionses. I have seen the 
public slangliter-hotises in seyeral large towns, including Glasgow, 
Edinburgh, Leeds, Manchester, and Bradford, and I do not think 
that any of those towns can show better arranged buildings for 
their size, more compact, and more cleanly than those in Carlisle. 
Beference has also been made to automatic appUances; and I 
would like to have Mr. McKie s experience with regard to them. 
In my experience, men have to be sent periodically to attend 
to them. I should like to know if Mr. McEie finds them 
really automatic. I should also like to ask whether the butchers 
of the city haye raised any objections to go to the slaughter-houses ; 
whether or not they are compelled to go there ; and whether the 
authority has licensed any private slaughter-houses within the 
city. With regard to the flags, I would like to know what Mr. 
McEie considers the leading features of a first quality Lazonby 
flag. I was myself struck with the point Mr. Strachan raised 
with regard to some of the results of Mr. McEie's tests. As to 
the Caithness flags splitting away, I would like to know, if in 
Mr. Laws' opinion, this does not arise firom the inferior quality 
of the flags used. 

Mr. CBEiaHTOK : I may say that the Markets Committee had a 
good deal of difficulty in accepting Mr. Walmisley's roof, not 
because they had any special knowledge of the subject, but from 
the magnitude of the construction. We really took Mr. Walmisley's 
word upon it after making many enquiries about that gentleman. 
We heard on every hand that he was a very competent man. As 
to the public baths, we take a good deal of credit to ourselves for 
producing a very cheap and useful institution ; and I believe that 
any town that wants public baths cannot do better than largely 
adopt the plan of Carlisle baths, and thus put up a cheap, useful 
work. I believe the concrete work at the baths is standing all 
right. I may tell you that the baths are so constructed that you 
can walk all round them, under where the pipes are, so that if any- 
thing goes wrong it can easily be detected and put right Coming 
to the slaughter-houses, I must say that I do not agree with the 
gentleman who criticised the size of the killing-rooms. Carlisle is 
an old town, and it has been very prolific in butchers ; consequently, 
the number being great, the killing-room to be used by each need 
not be so large. Coming next to the question of flags, I agree 
with the gentleman most heartily who said that the best test was 
experience ; and the experience of Carlisle is that no flag in the 
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world is equal to a good Lazonby flag. I would not have a 
Oaithness flag at a gift if I oonld get a good Lazonby. It may 
seem an inyidions thing to say, but on a wet^ or rather on a damp 
morning, you will find the water standing to the depth of a quarter 
of an inch on the Caithness flags; and then when you get on to 
the Carlisle streets, you will find them as dry as the proverbial flag. 
We in Carlisle are much obliged to the Association for this visit. 
We are glad to see Mr. Gordon, your President, who is an old 
citizen of Carlisle, and who, I am pleased to see, wears so well that 
one is inclined to think that it must be a good thing to be a civil 
engineer. Perhaps you would hardly think that I was a little boy 
in petticoats when Mr. Gordon was engineer in Carlisle. I have, 
therefore, no personal knowledge of Mr. Gbrdon in his capacity of 
city engineer ; but I know that my &ther, who was a member of 
the Town Council in Mr. Gordon's time, had the highest opinion 
of him. The members of the Town Council are much obliged to 
the Association for the feivourable way in which they have spoken 
of our town and officials. 

The Pbbsedbnt: Most of the questions which I should have 
liked to have asked have been anticipated by other speakers, and 
on the other hand, I have heard a number of points raised which 
have rather escaped attention. I think I may say — and it will 
be the impression of the gentlemen of the Council who are with 
us now — that we have not come here merely to praise the city 
of Carlisle or its officers simply as such, but we have come here 
for mutual instruction, and to be of service, if we can, not only 
to the town and the officers of the Corporation, but to the country 
generally, in furnishing information likely to be usefal to other 
towns. I do not remember a single meeting, not only during my 
year of office, but during my connection with the Association, at 
which the papers deserved greater attention than those read to-day. 
They are teeming with information— not information which is 
likely to raise points of discussion upon which Members greatly 
differ, but papers likely to be useful hereafter to other towns 
and other surveyors. That is one of the best features of our 
meetings. Mr. Walmisley's paper came first. It is probably an 
unusual thing for us to have the opportunity of criticising any 
works in the stage at which we find the works in Carlisle ; because, 
suppose the criticism upon that huge roof of the market (which is 
a most important one) had been of a very adverse character, it 
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might haye raised a qnestion in the minds of the members of the 
Corporation whether or not they had been properly adyised. I 
am snre the Members of this Association, however experienced 
they may be, will always exercise a wise precaution in critidsing 
works of which they have only a slight faiowledge from a day's 
visit, as set against the views of the responsible officers of any 
Corporation, who have had a much greater opportunity of con- 
sidering the whole facts of the case. On the other hand, I am 
sure it would be in the interests of the Corporation of Carlisle, and 
in the interests of the officials who have favoured us with those 
papers, that the questions which have been put should be fairly 
answered. I know of no gentleman whose experience in work of 
this kind I would more willingly consult in any case than I would do 
that of Mr. Walmisley. I believe the architects of this market have 
been well advised in consulting that gentleman upon so important 
a subject. It is undoubtedly a very important roof^ and I consider 
the remarks made by Mr. ikws are worthy of every attention. I 
feel, however, that if we had the opportunity of inspecting more 
caiefolly that elaborate set of calculations which has been handed 
round, we should find every point raised fiBbirly considered, and 
properly taken notice of. I hope that Mr. Wahnisley will allow 
the Association to reproduce in their 'Proceedings' information 
which will be a valuable contribution on the subject of roof con- 
struction. Mr. Hepworth's paper on the Public Baths is also 
exceedingly valuable. Nothing was more easy than to give any 
Public Authority a rough idea of the cost of baths, when one 
could put one's hand upon a paper of this kind, and find that the 
cost was so much per square yard or so much per square foot. 
Mr. Creighton mentioned a point that struck me : that was, that 
the baths were so constructed that one could walk round them 
underneath. I think it is to be commended in any baths to be 
constructed in the future that the same fiacility should be given 
for access and inspection. I was much struck with the fiEtct of 
the whole of these baths bemg constructed in concrete, and still 
further that the walls of the baths, although only 2 feet thick, 
and with a pressure of 6 or 7 feet of water upon them, are abso- 
lutely watertight That struck me as a wonderful feat, and I am 
certam it could not be done but for the lining with white tiles. I 
think the city of Carlisle is to be congratulated on the work accom- 
plished there. Mr. McEie's papers are of a far-reaching character. 
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I can say that I am pleased with the slaughter-houses all througK 
There is one thing I should like to mention. Wherever the 
urine of animals comes in contact with cement, it is detrimental to 
the cement. Nothing that I know of, except stoneware, will stand 
the action of urine ; but here the flushing arrangements and the 
arrangements for cleansing are so complete, and of such a nature, 
that it is evident that difficulty won't arise. It was important that 
the concrete surface of the floor, while finished rough to give a 
foothold, should not be so rough as to become a receptacle for dirt. 
In looking at the sewer arrangements, which are excellent (and I 
may remark that the manholes used there are exactly of the type 
that were put down here thirty-two years ago by Mr. McEie, 
which are not improved upon to-day. Mr. McKie also read a 
paper on the alterations at the City Police Office. I must congra- 
tulate the town upon having effected such desirable alterations, and 
made such excellent provision for prisoners ; and I must also con- 
gratulate the town on the possession of an excellent patent library, 
which must be useful to the scientific minds who have anything to 
patent. The paper on municipal work gives a very good review, 
which is particidarly interesting to myself, as showing what has 
been accomplished by an enterprising Corporation. I think it 
does the past and present Town Council of the city of Carlisle 
great credit that such progress in the last eleven years has been 
made, and since I was surveyor twenty-two years ago. The works 
carried out since then show a grasp of the duties of a Town 
Council which one would scarcely expect to find in a town of the 
size of Carlisle. Some remarks have been made as to the great 
size of the public market. To the Town Council we would say, 
do not think it is too large, or grudge the expense. Do not think 
you could save a few thousands if you had not made it so 
large. You may depend upon it, you are erring on the right 
side, and that twenty years hence you won't regret it. It will 
be a credit to the city and to the architects, and I am sure 
the roof will be a credit to Mr. Walmisley. So far as 1 can 
judge, few markets in the North of England will compare with it« 
The paper on Lazonby and other flags shows how fetr Mr. McEie 
was ahead of the sanitary engineers thirty years ago, when he 
made the tests and experiments described in the paper ; for these 
experiments held good even in the light of the scientific investiga* 
tion of to-day. At the same time I must confess that I should 
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indine to the opinion that there is no better test for stones than 
the absolute tear and wear of ordinary traffic. Except from a 
purely scientific point of view, the best test of any material I know 
of is to lay the materials in some well-known thoroughfare side by 
side, and then you will get reliable results. In regard to municipal 
work generally, I should like to refer to one question of great 
interest to the Corporation, that is the question of the ventilation 
of sewers. You haye heard to-day something of the condition of 
the main sewer which passes the public slaughter-houses, and 
which, I suppose, carries away the sewage of a population of some 
15,000 to 18,000 people. The condition of that sewer is such 
that no complaint can be made of any smell from that source. 
Mr. McEie has shown us that he takes every precaution to disin- 
fect the sewage at that place, by the use of disinfectants from the 
automatic tanks ; but you can at once see that if that were neces- 
sary for the whole system of sewers, it would be rather a serious 
matter. I think Mr. McEie says that a great number of the old 
manhole covers, if not the whole, have been removed since he came 
back to Carlisle as surveyor for the second time, and that open 
gratings have been substituted. Ventilating shafts have been 
carried up, and more tall chimneys in the city have been recently 
used for the ventilation of the sewers, where you oould get the 
sanction of the owners. We know that these open gratings are 
much objected to in many towns ; they are complained of as being 
nuisances, and there is now a great deal of controversy going on in 
regard to them. I think Mr. McEie is on the right track in 
utilising the tall chimneys, and if the owners of chimneys in other 
towns would only follow suit, the ventilation of the sewers would, 
I think, be improved everywhere. I believe that Carlisle in 1855 
was the first to stir in this matter; and the system has been 
followed up to date, and now there are twenty-eight tall chinmeys 
at work, at velocities which are perfectly marveUous. The veloci- 
ties reach up to 1400 feet per minute, and even beyond that, so 
you can imagine what an immense amount of good is done in the 
way of ventilating the sewers in Carlisle. 

A Membeb : What is the size of the pipe ? 

The President: It is a 9-inch pipe. In Leicester we have 
about sixty of the chinmeys at work, and we have at present only 
150 ordinary shafts carried up the sides of houses. Notwith- 
standing all that, we do not get rid of the complaints from the open 
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ventilators in many places in Leicester. It wonid be of the greatest 
possible interest to know the resolts of the system of chimney ven- 
tilation in Carlisle. I now call upon Mr. Walmisley to reply upon 
the discussion. 

Mr. Walmisley, with the aid of plans and diagrams, answered 
in fall detail the questions which had been put With regard to 
the publication of the calculations, he was in the hands of the 
Association, and he felt highly honoured by their appreciation. 
As to any strain caused by alteration of temperature, he had made 
calculations which showed that the strain would not be so great as 
one wonld at first sight imagine. With regard to the spandrel 
girders, all be had got to do — and that he had done — was to provide 
sufficient bearing area to take the reaction of the girders. 80 bng 
as the columns remained in position, there was no fear of the 
girders slipping. 

Mr. MoKiE : With reference to the remarks which have been 
made as to the slaughter-houses not being wide enough, I may say 
you may depend upon it, that they are wide enough for the amount 
of slaughtering I have mentioned in my paper to be done in them, 
although, in consequence of the width, I could only get one line of 
rail inside of the killing-rooms. As to the tests for Lazonby and 
Caithness flags made thirty years ago, I tried my best to put them, 
in regard to various charact^tics, in their right positions, and at 
the end of my Beport I prepared a digest of the results. No doubt 
a good deal depends upon where you get the Caithness flags. If 
you get top rock or inferior rock it laminates off; but in Carlisle 
we have had some down for twenty-five years and more. They are 
very hard, and have generally worn well, but they do not give 
a good foothold. They are non-absorbent, and they renudn wet 
very much bnger than the Lazonby flags, which absorb water, 
whUe it mnst evaporate from the Caithness flags. It is, however, 
very difficult to get Lazonby flags of the quality that we got them 
thirty years ago. Whole mountains have been rooted into, and 
now our best flags are not so good as those we used to get. The 
result of the drilling test was that the drill would scarcely go 
through the Lazonby flag at aU. As has been said, the great test 
is the test of the tear and wear of the streets, and I say that these 
Lazonby flags will wear sixty years. As to the automatic flushing 
chamb^, I find them good, but like other arrangements and con- 
trivances of that sort, they must have attention, and if attention be 
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given once a week they will continue to act There are different 
makers of these automatic flushing chambers, and one finds that it is 
generally the most complicated that is least workable. I have them 
fixed at the G-rammar School, at the House of Becovery, at the 
Slaughter-houses, and other parts of the town ; they act extremely 
well, but should be examined once a week to see that the syphons 
are acting. The flushing of the sewers I consider of great import- 
ance, and I keep a man at that work regularly. When any com- 
plaint is made about bad smells from the sewers, I generally find 
they arise from some imperfect house-drains. I have two men 
constantly flushing the sewers, and two men and horse and cart 
during the summer months clearing and disinfecting the gully and 
manholes in the streets, lanes, and courts ; in the winter months this 
is done by the ordinary gangs of scavengers. The sewers are only 
disinfected when any bad smell arises from the surface ventilators. 
Traps I abominate ; and whenever they are put in, they should be 
done with care, and not placed adjacent to houses. I will add to 
the papers the cost per cubic foot of the buildings and other par- 
ticulars asked for by the different Members during the discussion. 
Mr. Hepwobth : It has been said that it would be useful if the 
cost per square foot or per square yard of the baths had been given, 
and I should like to mention that that can be ascertained from the 
data given in the paper. Some remarks have been made as to the 
porosity or non-porosity of concrete. I have had considerable 
experience in connection with concrete work, and I have found 
that when I want to make a tank watertight, a good deal 
depends upon the skin put upon it — the finishing layer of cement. 
It was, however, impossible to put a skin on the surface of the 
concrete of the tanks at the baths, because we intended to finish 
with tiles. Notwithstanding that, we have practically succeeded 
in getting the tanks absolutely tight. Although there are one or 
two traces of leakage from one or two places, I attribute that to 
the cracking of the concrete at that particular point more than to 
anything elsa Any leakage that has occurred, has not caused us 
the slightest inconvenience. As to the proportions of materials 
used in making the concrete, I notice that my proportions assi- 
milate to those which Mr. Laws spoke of as most satisfactory. 

On the proposition of the Pbesident, a vote of thanks was 
accorded to the readers of papers, and to the May(»: for the use 
of the Council Chamber. 
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The members visited the new markets in cowrse of eonstruetunij 
vpon which Mr, Causton offered some observaiicns. The party 
then proceeded along the Castle Bank and went through the 
daughter-houses, the City Surveyor shousing them through the 
buildings. Under {he guidance of Mr. McKie and Mr. Maekay, 
they next visited the Police-office and cells, upon which both of 
i?iese gentlemen made some observations to the company. The 
last place visited was the PuUic Baths, where Mr. Sepworth acted 
as guide. The members then lunched together at the County Hotel, 
afterwards returning to the Town EaU, where the Papers were 
read and discussed. 
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ANNUAL MEETING IN LONDON, 

July 12th, 13th, and 14th, 1888. 

— M- 

ADDEESS OF THE PEESIDENT, 
E. B. ELLIOE-CLABK, M. Inst. C.E., London. 

Oentlbuen, — ^I haye much pleasure in welcoming you to West- 
minster, and in congratulating the Association on its increased 
prosperity and usefulness. As you have heard in the Annual 
Beport, there has been a greater increase in the number of 
Members during the past year than in any year since the forma- 
tion of the Association. In this connection it is to be remarked 
that there has been a considerable addition to the Association 
through the Metropolitan surveyors, who under the original rules 
were debarred from membership. It had long been obvious to 
your executive that any Association professing to represent 
the municipal engineering profession of this country, v^as in- 
complete without including the municipal engineers of the greatest 
city of the world. There is no doubt in my mind that the 
Association will not only be greatly strengthened in numbers, but 
that the Beports of its proceedings will be much enhanced from 
the professional point of view, by the accession of the MetropoUtan 
engineers and surveyors. 

The sphere of usefulness of the Association is being considerably 
extended, not only in the papers that are contributed, and which 
are sought for by municipcd and sanitary engineers throughout 
the world, but also by the work which the Council have undertaken 
in the examination of candidates as to their qualifications to fill 
the office of municipal engineer and town surveyor. The rise 
and progress of the municipal and sanitary engineer will some 
day form a very interesting history in the archives of municipal 
authorities ; his growth from the '' mere mender of roads " and 
the " patcher of highways " to a skilled, thoughtful, and scientific 
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engineer hsa occupied a period of about fifty years only. Modem 
requirements are snch that not only in every town in the country, 
bat in ahnost every village, it is necessary to have recourse to the 
services of a thoroughly qualified and capable engineer and 
surveyor. It is a mistaken notion on the part of local authorities, 
that because the population vehose public a£Surs they administrate 
happens to be small, the works which are required to be 
carried out in such districts are of a simple character. It not 
infrequently happens that the engineering works necessary in 
small towns require greater engineering skill than they do in some 
of the great towns of the country, for the physical conditions of 
such small towns determine to a great extent the nature and cost 
of the sanitary works required; therefore it is of the highest 
importance for the conservation of the public health in those 
communities, that all public works should be designed and executed 
in as careful and complete a manner as possible. This can only be 
obtained by appointing to the office of surveyor a man who has 
received a good technical education, and such appointment should 
be the stepping-stone to those of the larger towns. Therefore none 
of the work which has been undertaken by this Association is of 
greater utility to the community than the examination of young 
engineers ; nor can the Council more fully carry out the objects 
of the founderp than by ascertaining that all candidates for the 
office are possessed of the necessary professional knowledge ; and 
when the municipalities of this country are made acquainted with 
the practical nature of the examinations, they should gladly avail 
thenuselves of the services thus rendered, as it will save consulting 
committees a large amount of labour ; and, if I may be permitted 
to say so, the work of ascertaining tiie professional qualifications 
of candidates is better done by a body of examiners formed of 
municipal engineers than by the lay committee of a town counciL 
These examinations are already beginning to bear good fruit, for 
there are not wanting instances in which the selection of a 
candidate for a municipal office has been determined by the 
holding of one of this Association's certificates. But great as is 
this stop in the advance of, and largely as this work assists '* the 
general promotion of the objects of sanitary science," if we are to 
carry out to their consummation the intentions of the founders of 
this Association, we must go still a stop further. It is a matter 
of primary importance not only to the advancement of sanitary 
soience, but to the community at large, what manner of man in 
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sncoeeding generations Bhall fill yonr offices. We must not be 
satisfied witi^ merely examining such candidates as promiscnonsly 
present themselves to ns^ but we mnst assist in obtaining the 
proper candidates ; and we should, as fieur as is practicable, lay down 
some guiding rules for their education. 

It has bng been evident that the present system or rather want 
of system in the training of municipal engineers in this country^ 
is exceedingly defective. On the Continent it is usual for aU 
engineers to receive a professional education at a technical school ; 
in England, as you are aware, the system of pupilage obtains. 
It is doubtful whether the continental system is a successful one ; 
on the other hand, the hap-hazard way in which young engineeis 
are trained in this count^, leaves no doubt that &&re is great 
room for improvement ; probably a combination of the two systems 
would bring about better results than either the existing con- 
tinental or English practice. 

A youth who is intended to follow the profession of a municipal 
engineer should receive a sound general education at some public 
school, and without making invidious distinctions, I would point 
out the Bedford Modem School as the type of academy in which 
he should be educated. Special attention should be paid to the 
acquirement of a knowledge of physics, higher mathematics, free- 
hand drawing, and chemistry ; and he should, if possible, master at 
least two modem foreign languages, preferably French and Ghrman. 
At about the age of seventeen he should be sent to a school of muni- 
cipal engineering if such could be found, and it may be here pointed 
out that there is no practical difficulty in the way of establishing such 
a school. There might at the Crystal Palace School of Engineering, 
Owen's College, Manchester, Mason's College, Birmingham, the 
Yorkshire College, Leeds, and other similar colleges, be special 
courses instituted for the technical education of municipal engineers ; 
here should be taught the elements of surveying, the use of instra- 
ments, practical mechanics and mechanical drawing, and the strength 
of materials. Other subjects will occur to you, but these appear to 
me to be the leading subjects in which tiie knowledge of pupils 
entering engineers' offices is most defective. A year or three terms 
passed at such a technical school would be invaluable, so that when 
a pupil entered a municipal engineer's office, instead of being of 
no service for six to twelve months, he should be useful at once. 
The period of pupilage should be at least four years ; three years is 
altogether inadequate in which to acquire a sufficient knowledge of 
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the profeesion to enable bim to become a competent assistant on 
completing his articles. As the practice of onr profession yaries 
very considerably in different localities, the exchange of pupils by 
municipal engineers would be most advantageous ; say, for instance, 
if a pupil articled to the borough engineer of Leeds could be 
transferred for the last year of his articles to London, and viee 
versa^ his experience would be greatly enhanced, and probably the 
employers would also be benefited by such an exchange of pupils. 
Each engineer will know best how to treat each pupil. It is usual 
for him now to commence in the drawing o£Sce and in a couple of 
years to go out on to works. It is doubtful if this is the best plan. 
A knowledge of practical work goes a great way to make a good 
draughtsman, for the simple reason that ^ a man knows what he is 
dravmig he is much more likely to become an accomplished draughts- 
man than by copying drawings which to him are mere lines and 
colours. Perhaps the first year of pupilage should be spent out 
upon works. During this year the not unimportant portion of his 
future occupation, yiz. the ordinary maintenance of roads, sewers, 
and buildings, should not be neglected, for it is not an uncommon 
thing for a young surveyor to receive an independent appointment, 
who has never previously superintended the paving of a street, or 
bad any experience in the handling of workmen. The third year, 
after spending one year in the office, should be devoted to 
engineering works of as diverse a character as the district will 
afford. In the last year the pupil should be engaged on both office 
work and out of doors, assisting in the preparation of schemes and 
seeing them executed. At about the age of twenty-two such a 
young man would, with ordinary ability, be worth taking into an 
office at a salary, and he should be well able to pass the examina- 
tion of this Association. A considerable nmnber of candidates 
have presented themselves for examination, and their numbers 
appear to be on the increase. 

It will be asked if, after all the preparation described, and a 
young man becomes a competent municipal engineer, is there a 
good prospect open to him ? It is a common cry vrith the young 
men of the age, that all the professions are overcrowded. All walks 
in life are overcrowded with incompetent men. No profession, 
especially our own, is overcrowded with thoroughly competent and 
trustworthy men. Of the amount of work that yet remains to be 
done by the municipal engineer, it may be stated that during the 
past few years I have had as consulting engineer through my 
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hands reports on upwards of 1000 houses m the Metropolitan area, 
the rateable yalue of such houses averaging considerably more 
than 10021 per annum. Of these 50 per cent were in such a bad 
condition as to require entirely new sanitary arrangements. Now 
the number of honses in the Metropolitan area may be roughly 
taken at 750,000. If the aboye figures offer a true indication of 
the present condition of these houses, there remain something like 
375,000 in London alone, in which new drainage works are 
absolutely necessary, and looking at the high rateable value of the 
houses of which mention is made, it is probable that more than 
this number require to have their sanitary appliances renewed. 
This condition of things probably obtains in a greater degree in 
the provincial towns. 

This is only one part of the work which the future municipal 
engineer will have to accomplisL There is much to be done in the 
arterial drainage of towns, and also in the prevention of floods in the 
great river valleys of this country, in discovering, inventing or 
designing an economical pavement, which must be impervious, 
insonorous, durable, and non-slippery. The municipal engineer 
has given to the larger populations during the past forty years good 
water supplies, better drainage, and better paved streets, and has 
also instituted some systems for the removal of decaying matters 
accumulating round dwellings, more or lees succeesftd ; bat there 
still remains other work for him to execute before the sanitary con- 
dition of our towns is anything like perfect. We must do something 
more than prevent air pollution from decaying matters. The 
salubrity of a town, though depending very much upon the fore- 
going, is still incomplete while air pollution by smoke takes place 
as it does at present You have lately been discussing the question 
of the merits of the so-called '* Destructors." No doubt the econo- 
mical and speedy removal of house refuse requires a practical solu- 
tion, and it may be that the so-called '^ Destructor" is for the 
moment the most ready and practicable means available for accom- 
plishing this object ; but it certainly is, as its name indicates, a 
barbarous and unsdentific system 

Owing to the cheapness and availability of foel in this country, 
we pursue a method of obtaining heat in dwelling-houses, which is 
only one step removed from the consumption of fad on an open 
hearth in the tent of the savage, and the same unscientific method 
of obtaining heat prevails (only in a lesser degree) in nearly all the 
factories of this country. By the imperfect combustion of fuel in 
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an open fireplace, we not only do not obtain one-half of the effectire 
value of the fnel, bnt we poUnte the atmosphere to snch a degree 
as to make the air of most of onr cities, through a considerable 
portion of the year, almost insupportable. Let us conceiye for one 
moment what a beautiful city London would be, even in winter, 
without the well-known London fogs, which are largely due to the 
presence of unconsumed carbon, caused by smoke from domestic 
fireplaces. Take again the Lancashire towns, from Manchester to 
Preston, through Darwen and Blackburn. These towusarephysically 
situated in a series of the most beautiful valleys in Englimd, and 
if they were freed from smoke their natural position would certainly 
render them desirable places of residence, which cannot be said 
under their present condition. 

The future municipal engineer must therefore, among other things, 
pay attention to the prevention of air pollution by smoke. Many 
attempts, as you well know, have been made during the last half cen- 
tury to accomplish this object, and a few years ago an exhibition vTas 
held in London for the purpose of demonstrating that such pollution 
can be prevented. No doubt considerable advances have been made 
in this direction, but in my judgment, any attempt to overcome the 
difficulty by burning fuel in an open stove will end in £ulure. We 
are nearer a solution of this subject than is generally supposed. 
The manu&cture and distribution of non-luminous gaseous fuel for 
heating purposes from a central station is not very far distant ; by 
this means you will not only prevent air pollution by smoke, but you 
will be able in a very large degree to overcome the difficulty of 
removing decaying matters not passed into the sewers. If such a 
system were at work in a town, there would of course be few or no 
cinders or ashes to be removed from houses, and there should be no 
difficulty in designing such a stove, fed by gaseous fuel, as would 
in every house consume the decaying matters which now form so 
large a bulk of ** house refuse." 

There is another subject to which I am desirous of drawing your 
attention, and that is, to the great waste of money and time which 
takes place in the present method of arriving at conclusions in 
respect to many of the problems which a municipal engineer has to 
solve. Now while I deprecate to a great extent the interference of 
the State in commerce and manufactures, as well as in many 
municipal affairs, it appears to me that great benefit would accrue 
if assistance were given by the State, or if by a combination of the 
municipal authorities of this country there could be established some 
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kind of institnte or permanent commission for original scientific 
research. What enormons snms of money would have been saved 
had the disposal of sewage been taken in hand by snch a commissioD, 
or been worked out by practical and scientific men keeping accnrate 
records, and making original observations at some sewage works, as 
well as in the laboratory, making pnbhc reports of their observations 
and experiments from time to time. If there had existed such a 
body as this in those days when Mr. Wicksteed was laying the 
first sewers at Leicester, and Mr. Pilbrow was doing like work at 
Tottenham, now thirty-six years ago, the solution of the problem 
would have been greatly expedited. A large mass of information on 
this subject exists, but is buried in blue books and reports to sanitary 
authorities, and therefore not available for practical purposes. It ie 
well worth the consideration of any Government of a State like ours^ 
where large masses of population are aggregated together, and with 
this aggregation still going on at an almost alarming rate, whether 
some of the more difficult problems which are now attempted to be 
solved by individual municipalities and engineers, should not be 
grappled with by a state college or a commission such as I have 
named. 

It is now more than a year since a committee was appointed by 
your Council to collect information and report upon the question of 
the ventilation of sewers. The mass of evidence that has poured in 
upon them is such as will require an amount of work which it is well 
nigh impossible for that committee to undertake, and I shall be 
discIoeiQg no secret by saying that the publication of that report 
may be delayed a considerable time, probably years, because of the 
inability of the members of the committee to give that time and 
attention to the work which are necessary. If there were in 
existence a commission of experts, something on the same lines as 
the German Commission of Experts for the consideration of 
Patents, the evidence collected coxdd be placed in their hands, the 
work would be expedited, and a valuable report prepared in a few 
months, which will now probably take years to accomplish. In 
the same way a great number of subjects might be dealt vnth, and 
it is for you and your immediate successors to ponder well on the 
establishment of such a commission as I have described. 

Coming to topics which may more particularly interest Members 
of this Association, the past year has been a most important one in 
two respects. This year has seen the advent of a large measure of 
local government, which may have considerable influence on the 
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fatnre of the mnnicipal engineer and local Buireyor. Without tres- 
passing on the domain of politics, I may confess my disappointment 
at the scope of the Local Goyemment Bill. With the question of 
taxation and representation going hand in hand we have nothing to 
do, but it was greatly hoped that we should see in the Local Goyem* 
ment Bill such a readjustment of the sanitary areas of this country 
as the exigencies of ^e case demand. It is well known that the 
administration of the sanitary laws is much more effectiye and much 
more economical in larger areas than it is in the small ones. The 
reasons are very obvious. As a rule local government in the 
smaller areas is left in the hands of those who do not best serve the 
public interests, while the administration in the larger cities is very 
much more complete in every respect ; therefore no Bill for the 
local government of the country can be considered anything like 
perfect without a readjustment of these areas. I understand that it 
is very unlikely the r^ort of the Boundary CommiasianerB will hare 
any effect It appears that so many interests have been touched, 
so many boundaries had in justice to be readjusted, that opposi- 
tion has been excited from all quarters ; but however that may be, 
we cannot shut our eyes to the fact that sanitary works and sani- 
tary administration suffer very largely from the present distribu- 
tion of the areas, and no measure on this subject will in my 
judgment be complete until all the local autiiorities having 
administation over towns of less than 10,000 inhabitants are 
merged into larger communities, but 1 am afraid this is not likely 
to take place in our generation, and it is very difficult to make any 
practical suggestion that will better the state of affairs. 

Another subject which greatly interests municipal engineers has 
been the case of Whitely v. Barley. It is not necessary to enter 
into all the details of this case; it is sufficient to say that a surveyor, 
acting under distinct resolutions and by the authority of a corpora- 
tion, has been mulcted in heavy penalties under the 198rd section 
of the PubUc Health Act, which was never meant to cover such 
cases as this. It appears now, from the decision of Mr. Justice 
Matthew (which has been upheld under appeal), that no engineer 
or surveyor of a local authority may receive any other emolument 
but that of his salary. It seems that this was never intended by 
the Legislature at the time the Public Health Act was passed, and 
that it is directly in opposition to the interests of the ratepayers at 
large. The engineer or surveyor is appointed by a sanitary autho- 
rity at such a salary as is adequate for the ordinary work of a 
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town, but there occurs from time to time a necessity for engi- 
neering works, which demand a skill and a knowledge that should 
be paid for, and that is paid for in other branches of our profession 
on a much more renumeratire scale than the salaries of local sur- 
veyors ; and it is positive economy on the part of the authorities to 
pay their local engineers and surveyors a moderate salary for ordi- 
nary work, and extra remuneration for such additional work as 
crops up from time to time. It was the custom to within a few 
years ago to employ an independent engineer to carry out most of 
such works ; but the standard of knowledge and skill of the muni- 
cipal engineer has so largely increased during the last quarter of a 
century, that the custom of employing independent engineers is now 
fetlling into desuetude ; and I think the custom on the whole is a 
good one, and advantageous to the community, for however good 
he may be, no independent engineer can have such a complete 
knowledge of the requirements of the community as that official 
who spends the whole of his time amongst them, and therefore 
even if he were paid for such extra work the full percentage that 
would be paid to an independent engineer, it would, in my opinion, 
be both economical and advantageous to the communify that he 
serves. Whenever any alterations are made to the Public Health 
Act, this is a matter that must not be lost sight of. 
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LANES, COURTS, AND BACK STREETS IN 
OLD CITIES AND TOWNS, EXEMPLIFIED 
BY THOSE IN CARLISLE. 

By H. U. MoKIE, M. Inst. C.E., Crrr Suryeyob of Gablxble. 

The city of Carlisle is one of the most ancient towns in the king- 
dom, the capital of Gomberland, the see of a bishop, a garrison 
town, and nntil the Union of the two Crowns, the second fortress in 
the kingdom. 

The earliest charter on record was granted by King Henry the 
Second, and there is a regular series of charters from that daie 
down to the reign of Charles the First. 

£ight lines of railways converge on Carlisle. 

The area of the city is 2029 acres. The population is estimated 
at upwards of 40,000. 

The rateable value of the city in 1877 was 107,151Z. ; it is now 
152,332Z., showing an increase of over 42 per cent. 

The city is built on the main west road from England to Soot- 
land, and is almost surrounded by the rivers Eden on north and 
the Caldew and the Petteril on the west and east sides of the city^ 
the two latter rivers being only three-quarters of a mile apart at 
the south of the city. 

A glance at John Speed's map, taken fix)m his book of the 
British Empire, published in 1610 and reprinted in 1676, which 
accompanies this paper, shows that the King's highway from north 
to south, and the idA to the west, formed the principal streets in 
the city at that time. All the houses abutted on these highways, 
with extensive gardens running from the houses to the city walla 
No such thing as a court is shown on the plan, and only a very 
few narrow secondary streets and lanes from one main road to 
another. 

It would appear from Speed's map that formerly the city elon- 
gated itself on its main thoroughfares in the same manner as I 
have read that some of the cities in China are built. 

It must have been an advantage for the inhabitants, as they 
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would be in touch and sight of all that passed through the city, or 
had business in it. Then again, the gardens would give abundant 
air space, be pleasant retreats ornamentally laid out, productive, 
and in many cases be the means by which the inhabitants 
approached the city walls. 

The author has made a small plan of the centre of the city, 
showing the amount of open space the inhabitants enjoyed in 1610, 
as compared with the smiJl portion of open space now left, and from 
which you will observe that the open space when Speed's map was 
made, was over fourteen times greater than the houses, and that 
now on the same site there are only 292 square feet of open space 
for thirty-eight houses, or buildings that have been used for houses, 
giving an average of only 7 * 68 square feet per house. 

These lanes contain stables, second class public-houses, beer- 
houses, lodging-houses, labourers' cottages, cottages converted into 
warehouses, and until a few months ago almost all the slaughter- 
houses were in them, and generally placed at the end where the lane 
is a cul-de-sac The lanes are over-crowded, unventilatod, and 
often have in them back-to-back houses, or at most a small space 
exists of 15 to 18 inches wide for eavesnlrop between the two 
properties, on the bottom of which is frequently deposited rubbish 
of a very objectionable and insanitary character. 

These lanes and courte are principally occupied by hard-working 
labouring men, who ought to have the greatest possible amount of 
air space, instead of being compelled to crowd together until they 
have no pure air to breathe, and who must return to their hard 
work in the morning unrefreehed, and greedy to fill their lungs 
with a purer air than that breathed through the night. This state 
of things should not exist, and the author lives in hopes that the 
time will come when no man will live in these confined courts and 
lanes. 

Now let us inquire how the parties who live in these courts 
suffer more than they do ordinarily when an epidemic of fever 
occurs in the city. During the last epidemic of fever in the dty 
in 1874, Mr. Power, local government inspector, found that 
typhus located itself in forty-two lanes, courts, and narrow streets, 
and one broad street, with back-to-back houses in it and courte 
behind approached by narrow, built-over passages firom the street. 
Annet Square, at the north of the city, and East Street (a cul- 
de-sac, approached from Botehgate by a covered archway at the 
south), are the localities where typhus first established itself, and 
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these two places to the north and south of the dty, and half a mile 
apart, are the two places the fever radiated from in vaiions direc- 



It is true that since 1874 improvements hare been made in iham 
lanes and conrts, but stiU the lanes and conrts are the most favonr- 
able fever-breeding places in the city, and they are always more or 
less unhealthy, and dnring an ef^idemic of fever it spreads &om 
them through the city. 

Now if circumstances had allowed the city to develop itself, by 
following the plan of building houses abutting on the highways 
through the city only one deep, there would not have been such a 
great want of open space as at present; but being a fortified city, it 
must needs make room for the increase of its population, by crowd- 
ing buildings on the gardens and open space within the city walls, 
and unfortunately, until the first Public Health Act was applied, 
foUowmg the same plan outside the city walls. The courts and 
lanes are a legacy left to the city that is not &vourable to its 
healthiness. 

Until a few years ago these lanes were occupied by the artizans 
of the city ; but the author is thankful to say they do so no longer, 
but have built for themselves, or rent, outside the site of the 
ancient city walk, the best dass of artizans' cottages and dwellings 
he ever saw. The author trusts the time will come when not 
only some of the labouring class who are now following the 
example of the artizans, but all of the inhabitants will declare the 
courts and lanes unfit for habitation by ceasing to occupy them. 

The author feels deeply on this subject of overcrowdhig, and is 
convinced that the occupiers of lanes and courts cannot improve 
either morally or physically, if better accommodation is not found 
for them. 

It is neither right, humane, wise, or profitable to any city or 
town to have these confined lanes and courts crowded with inhabi- 
tants, and to neglect to help them. 

The courts and lanes in Oarlisle vary very much in their 
character and the number of inhabitants ; they contain from two 
to upwards of thirty tenements. 

GQie front streets have courts and lanes at the back of them in 
every respect similar in construction, some of which are kept very 
dean and in a good sanitary condition, and are occupied by good 
tenants, whilst others are in a dirty, uncared-for, insanitary state, 
and it is ahnost impossible to walk up the alleys or passages of the 
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latter lanes and courts without stepping into excrement and all 
manner of filth. Aa may be expected, the inhabitants as a role in 
these insanitary courts are undesirable tenants in every sense of 
the word. Should an epidemic of fever or cholera at any time 
occur, it would be difficult to free the city of it, if these insanitary 
courts and lanes remain in their present neglected condition. The 
sanitary state of these courts and lanes undergoes considerable 
temporary improvement when the owners and tenants are afraid of 
a threatened epidemic, but after the amre is over they are soon in 
as bad a sanitary condition as ever. 

Ahnost invariably when the owners live in the neighbourhood 
and look after their own property, or give full power to their 
agents, the courts and lanes are kept m as good a sanitary state as 
it is possible with their limited air space to keep them ; but when 
the owners are non-resident, and their agents are not empowered 
to do anything but receive the rents, the properties are in an 
uncared-for condition throughout ; the houses, gullies, water-elosets, 
surface of court, and everything else are nncleansed, and often 
considerably out of repair. The Old North and South Beads have 
seventy-four lanes and courts leading out of them, with an avei*age 
population of fifty-six in each lane or court The Old West Bead 
has forty-four courts and lanes leading out of it, with an average 
population of thirty-eight in each lane or court. The Old East 
Boad has nine courts in it, with an average population of forty in 
each court. 

The above roads are the principal thoroughfares and business 
streets at the present time. 

The comparative population in the main roads through Carlisle 
and in the lanes and courts from them, is as follows : — 

The Old North and South Beads have only a population of 
26 per cent, of that of the lanes and courts leading out of them. 
The Old West Main Boad has only a population of 58 per cent, of 
that in the courts and lanes leading out of it The Old East Boad 
has only a population of 66 per cent of that of the courts and 
lanes on it 

The average population in the above old main roads, is only 
48 per cent of the population of the lanes and courts leading 
out of them. The remaining streets in the city having courts and 
lanes leading out of them have a population of 156 per cent of 
that of the courts and lanes in them. The average population of 
all the front streets in the city having courts and lanes leading 
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out of them is only 97 per cent, of that of the population in the 
courts and lanes in them. 

The total nnmber of streets^ lanes, and conrts in the city which 
hare houses in them, is 669, of which 271 are front streets, 300 
lanes and conrts without thoroughfiEures, and 98 lanes and conrts 
which are thoronghfures, or say 40 per cent, of front streets, 
15 per cent, of lanes and conrts with thoronghfiLres, and 45 per 
cent conrts and lanes without thorough£Eures. 

There are 84 front streets (or 31 per cent of the front streets) 
which have courts and lanes leading out of them, and in these 84 
streets there are 398 lanes and courts. There are also 38 hack 
streets which have only the rear of houses abutting on them, and 
which make the number of private back streets, lanes, and 
courts, 436. 

The population of the lanes and courts and back streets is 13,218, 
being one-third of the total population of tlie city. 

The author feels sure you will agree with hhn that municipal 
engineers and surveyors should do all they can to do away with 
these dwellings, unfit for human habitation, in courts and lanes, 
because if they are allowed to remain they will be a source of 
trouble and danger to the health and moral condition of the cities 
and towns in which they exist. 

It is the author's opinion that old cities and towns which have 
these narrow crowded courts and lanes in them, do not and cannot 
compare their death-rates furly with more modem towns, built 
uniformly upon sanitary principles. 

Accompanying this paper you have mounted tracings of two old 
maps of Carlisle, a tracing of a portion of the centre of the city, one 
part showing it as it existed in 1610, and the other as at present, 
and also a complete plan of the city at the present date. 

DISCUSSION. 

Mr. H. P. BoxjLNOis: I beg to propose a vote of thanks to 
Mr. McEie for his excellent and interesting paper. I should, 
however, like to ask him one or two questions. Firstly, as to the 
death-rate of Carlisle, whether it is abnormally large, and whether 
the death-rate from zymotic diseases is greater than in other towns. 
Next, as to what these lanes and courts are paved with, whether 
with impermeable material like asphalt, or whether with the rough 
cobble stones common to the North. I should also like to know 



Digitized by 



Google 



DI80U8SIOK. 305 

whether in Carlisle they put the 150th section of the Pablic 
Health Act into force, and so compel the owners of property to 
make the paving of these courts as good as they can. I agree 
with every word Mr. McEie has said as to the absolutely un- 
sanitary condition of buildings placed back to back in these narrow 
courts, which has arisen from the remarkable growth of the city. 
Mr. McEie mentions as one of the reasons, that Carlisle was a 
fortified town. I myself lived in what was once an old fortified 
town, Exeter; but there was nothing there of the description 
Mr. McEie tells us of in Carlisle. I should also like to ask him 
the number of persons per house in Carlisle, — I do not think he 
gives this in his paper, — and whether the houses in these courts 
are abnormally crowded for their size. I should further like to 
know the value of land in Carlisle, so that we may judge whether 
this terrible state of things has arisen from land being extremely 
dear ; and what rentals are obtained for these miserable dwellings, 
placed in these wretched holes, for really we cannot call them 
anything else. 

Mr. J. W. CooEEBiLL : I shall have very great pleasure in 
seconding the vote of thanks to Mr. McEie. I come from a town 
which is very similarly circumstanced to Carlisle, as described by 
Mr. McEie. We have over 145 of what are known as rows or 
narrow passages, which provide accommodation for about 13,000. 
I should be glad to know what Mr. McEie does when he has plans 
for new buildings in these courts. We have no end of trouble and 
difficulties over such plans, and I do my best to get them thrown 
out by the Council, not always successfully. 

Mr. J. Lobley: I have very great pleasure in supporting a 
vote of thanks to Mr. McEie. It is often said that one-half of the 
world does not know how the other half lives, and certainly the 
disclosures made by Mr. McEie reveal a state of things of which 
we had no idea. I come from a manufacturing district which is 
spoken of as very unattractive and not at all a desirable place to 
live in ; but I can say we have nothing of this kind there. No 
new dwellings, such as Mr. Cookerill has spoken of, would be 
allowed to be built in a court. Every house must be in a 
street, and every street must be twelve yards wide. This 
regulation has been in force now for thirty years, so that such 
disclosures as have been made by Mr. McEie respecting Carlisid 
certainly come to me as a surprise. I shall be glad to hear 
Mr. Boulnois' questions answered as to character of the paving 
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and things of that kind. I think Mr. McKie is rather too 
sanguine when he supposes that the labouring classes will of 
themsehes declare these places unfit for human habitation, and 
desert them voluntarily. My experience has been that so long as 
a dwelling is left standing, however miserable, some one will be 
found wretched and poor enough to inhabit it. We found, in the 
case of the very few dwellings we have had to condemn as being 
too small, that as long as they were allowed to remain, people 
could be found who would occupy them. The only way was to 
take them down, either under Torrens' Act, or the Public Health 
Act. 

Mr. R GoDFBEY : I have unfortunately had personal experience of 
these narrow lanes and courts in anoiher northern town, in the 
neighbourhood of Carlisla I remember that in the town of Ken- 
dall, we had a smartish outbreak of smallpox, and it was aggravated 
by the existence of these unsanitary lanes and courts. The town 
of Kendal might almost have been substituted for nearly all that Mr. 
McKie has said about Carlisle. Kendal consists of one main street 
running north and south, and another street cutting it at right 
angles and going east and west The principal houses are built 
abutting on the main streets ; but the system of numbering the 
houses is peculiar. There is a house, say No. 5, on one side of the 
street, and then an entry, which is called No. 7, and the next house 
is No. 9. I know one case in which there are over forty tenements 
down such a court, with an average of from five to six people in each 
of them. This is one of the evils that arose in ancient times from 
the land being in too few hands. Land was not then available for 
building purposes, and so people were crowded into houses at the 
back of the houses forming the principal street. Mr. Boulnois has 
raised the question of whether the 150th section of the Public 
Health Act applies in such cases. I do not think, except in a few 
cases, that that section would apply. These lanes and courts are 
to all intents and purposes private property. They are etils de sac, 
leading nowhere, and you cannot deal with them. In Kendal 
some of them go down to the river-side, and these are thorough£u:es 
and could be dealt with ; but, unfortxmately, the Town Council of 
the borough of Kendal were very soft-hearted, and did not like to 
put the poor owners to the cost and expense of making these roads. 
It is well that we should have an opportunity of comparing the 
past with the present, so that we may show our superiority where 
we have it. At the same time, I may say that, in this old town of 
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Eendal, the death-rate is remarkably low, considering the circTim- 
stances of the case, except in an epidemic. I have known the 
death-rate of Eendal as low as 14 or 15 per 1000, although there 
are scores and scores of these places that we used to call yarda 
For myself, I am very much obliged to Mr. McEie for having put 
these things on record ; and I wish we had more of the ancient 
history of other places. 

Mr. W. G. Laws : Although I am quite sure Mr. McEie will 
*' whitewash " these courts and lanes before he has finished with them, 
I should like to say one or two words. It strikes me as rather 
singular that, for many years, the whole of the business of the 
Life Insurance Offices of this Eingdom were based on the 
mortality tables of Carlisle. It is an extraordinary thing that, 
with such a state of affiiirs as described, and with such a death-rate 
as we should consequently expect, these should be the tables on 
which insurance societies based their calculationa Some may say 
that this accounts for the great success of many of these societies. 
Mr. McEie mentions that Carlisle was an old fortified town ; and 
it is remarkable to see the efiect that a fortified town has on the 
buildings within it. In Newcastle-on-Tyne we have not quite the 
same development of courts and lanes as in Carlisle, though we 
. have them there also ; but the fortification has affected the build- 
ings vertically. We find the buildings within the old walls are 
extremely high compared with modem houses. Mr. Godfrey has 
alluded to the low death-rate of some of these old Border towns. 
It occurs to me that there might be another way of accounting 
for it — that of the men who would have otherwise been food for 
disease a good many were hanged. 

Mr. Jos. Gobdon: I scarcely expected to have to make any 
remarks to you on this paper, which I had not an opportunity of 
seeing before I came here. I can only say, Mr. President, that I 
congratulate you on your year of office being inaugurated by such 
an excellent and interesting paper. It records a state of things 
which, if we are to implicitly believe every word the paper contains, 
we could scarcely have expected to find in any city in the present 
day. But although, as Mr. Laws has said, we feel sure Mr. McEie 
will whitewash these courts before he has done with them, I think 
we may also say that he has painted them ahnost too blacL It is 
not very long since some of us were in the city of Carlisle. Ton 
know that, in reporting speeches in Parliament and elsewhere, or 
cases in the Law Courts, if the reporters get hold of a " tit bit," it 
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speedily finds its way to the place affected. I hope the reporters 
in this case ^nll not telegraph straightway to Carlisle, and hurt 
the dignity of the good people there by the remarks made upon 
this paper. I am very glad that this paper was not read at the recent 
District Meeting at Carlisle, otherwise I am afraid the success of 
that meeting would not have been so great as it was. Mr. McKie has 
given you some capital statistics ; but some more have been asked 
for, and it would have been interesting if he had given us tbe 
mortality of the city now. I think it is something like 23 per 
1000. 

Mr. MoEiE : The average is about 22. 

Mr. Gordon : It may have struck Members that the population, 
as compared with the acreage, is small. If you take the acreage, 
you will find it is only 20 per acre. Had Mr. McEie been 
able to supplement his paper with a tracing of the ancient city, 
with diagrams showing the population at the present time and the 
population of the ancient city, they would have been very 
interesting, because most of us know what a thickly populated 
place means. About 100 per acre is a fairly thickly populated 
area. I have no doubt this is exceeded a little in Carlisle. The 
worst feature in Carlisle, which is common in northern towns, is 
the back-to-back dwellings. I think Mr. McKie will tell you this 
is now abolished, and under the new building regulations cannot 
be perpetrated. He tells you that in 1610, the open space 
was then fourteen times that built upon, but that now it is really 
only about one-fiftieth of the buildings. This is a very reversed 
condition of things, and may contribute towards increased mortality. 
His description of the dwellings, and of the filthiness that 
may be found in some of these courts, is scarcely what might have 
been expected in the present day, and certainly ought not to be. 
I think he is also rather hard on non-resident owners of property. 
I do not know whether he expected at all that there might be any 
non-resident owners at this meeting ; but he is a Uttle hard on them 
as a body. He may have meant his remarks for a stray non- 
resident owner here and there. Mr. Boulnois asked whether the 
150th section of the PubUc Health Act is put in force in Carlisle. 
I can say that it is, for I have myself had some very heavy bills 
from Mr. McEie to pay. The paper is an exceedingly interesting 
one on the whole, and it would be interesting to have a few more 
of the same kind, to show what we can accomplish in cities where 
there are large numbers of these courts and narrow lanes^ as com- 
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pared with main streets. Even in towns of a modem character^ 
yon will sometimes find a large number. In Leicester we have a 
considerable nnmber of these lanes and oonrts, through which there 
is no thoroughfare^ and many of the courts of more ancient date 
are entered by merely a narrow passage through which you can 
scarcely wheel a barrow. We have a population of something like 
150,000, but we manage to keep the death-rato down to about 19 
per 1000. Thus you see a great deal may be accomplished, even 
in narrow courts and lanes, by proper sanitary measures and 
regular inspection from time to time. I hope Mr. McEie won't 
get a jacketing when he gets home for having exposed the 
unsanitary condition of the courts and lanes in Carlisle. 

The Pbesident : I should like to suggest one explanation of 
the comparatively healthy condition of towns such as Carlisle. It 
is that the area occupied by houses, such as Mr. McEie describes, 
is very small, and the fresh air coming in from the surrounding 
country has a very good effect In iact the inhabitants who live 
in these courts have more fresh air than those classes who are 
engaged in mills or offices, and also as a rule live in much better 
houses, because they belong to that class of the population which 
spends a good deal of time out of doors. They are employed out 
of doors most part of the day, and the town of Carlisle being 
small they consequently see a great deal more of the country 
than the denizens of much larger towns with wider streets 
and greater air spaces. There is no doubt that one of the 
great defects of the Public Health Act of 1848, and of all subse- 
quent legislation on the subject, has been the inability of sanitary 
authorities to regulate the additions to houses already existing. I 
do not know of a greater blot upon the building regulations of this 
country, than that a man having an old house with a garden 
attached, should be allowed to add to the house and be able to build 
over the whole of his property, whilst a man having a smaller 
property unbuilt upon, is obliged to leave a certain air space in the 
rear, and a certain space open in front for a street. It is a great 
injustice to the owners of uncovered property, and whenever the 
Public Health Act is dealt with by Parliament, this is one of the 
most prominent defects which must be amended. It is a strange 
thing that we have constantly cropping up evidence such as is 
brought before us to-day by Mr. McKie. We had it in a very 
prominent and concrete form brought forward by the Boyal Com- 
mission on the Housing of the Working Glasses. AU the country 
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was startled by the report of that commission^ and what was known 
as " slnmming '* became quite an aristocratic occupation in London. 
Yet nothing practical has come of that report, and very little 
attention is now given to this very important matter. Grave 
subjects of this kind seem to be passed by, as if of no moment, and 
Mr. McEie has done great and good service by again bringing 
forward the question of overcrowding in town areas. It has been 
ripe for legislation for the last fifty years. Beports were made, now 
forty years ago, by Mr. Creasy and others, and yet positively there 
has been no legislation to remedy these evils in a practical way. 
Although Torrens' Act and the Ajidzans' Dwellings Act have been 
passed, there is no Act of Parliament in existence which meets 
practically the difficulties which have arisen in these old cities, and 
in some of the modem towns. It is only by cases like Carlisle being 
prominently brought before the public that a remedy will be 
devised ; and associations of this kind should remind Parliament of 
the obligation that rests upon it with regard to the sanitary con- 
dition of portions of these ancient cities. I concur very strongly in 
the vote of thanks accorded to Mr. McEie, and I will now ask him 
to reply to the questions which have been asked. 

Mr. MoEie: I may say, in answer to two of the questions, that 
the death-rate of Carlisle averages about 20 per 1000 per annxmi ; 
before the Public Health Act was applied it was 29 per 1000. The 
next question was whether the 150th section of the Public Health 
Act applies to these lanes and courts. Now the 150th section 
does apply, and is being applied, but not &st enough ; I may be 
running my head against a wall in advocating more energetic 
measures. We are making wonderful improvements, but I want 
to go on a bit faster. I can assure Mr. Lobley that the reformation 
is carried on by the people, and that the artizans are voluntarily 
going out of these courts, and will not live in them. There is 
nothing left but the residuum of the scum, which you cannot get 
clear of. AU men and women worthy of the name of men and 
women should have, and must be provided with, air space to 
breathe. It is the very fact of these labourers having such a 
craving for a supply of oxygen that you will find them getting 
up at half-past four and five o'clock in the morning, in order 
to get an hour in the fresh air before they go to work. Why ? 
Because they are greedy of the oxygen they could not get during 
the night ; and I want to help them to get it. They are showing 
that they want it, by refusing to live any longer in these places. 
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Some of the owners of these oonrts and lanes cry ''Bent! 
Bent ! " and that is abont all they say and do. There are others 
who are very worthy men, and hare assisted in making these 
courts, which I say in my paper have very limited air space, as 
healthy as these courts can possibly be made. I must remind you 
that these things are a legacy that we haye been left. Do not 
think for a moment that Carlisle permits these courts to be 
increased. No ; there must be a 40 feet street before a new house 
can be built in it. There has not been a street made in Carlisle 
during the last thirty years that is less than 40 feet wide. In 
Carlisle we do not permit the erection of any building in these 
narrow lanes and courts, and have not done so for the last thirty 
years. I am sorry Mr. Greer is not here, for at Lancaster, an old 
county town, they have reformed all the old courts and back 
lanes and made them more sanitary^ Now they are trying for 
power to go and make private back yards all right. I hope they 
will get the power, because if people will not keep these places 
clean yoluntanly, they should be compelled to do so. 
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TEN YEARS' EXPERIENCE OF THE 
SHONE SYSTEM. 

By Lustjt.-Col. A. 8. JONES, T.C., Aasoo. M. Inkt. C.E., 
Wbbxhah. 

It is very nearly ten years since the Shone system was introduoed 
to the world in a paper read by its inventor at the Congress of the 
Sanitary Institute of Great Britain, held at Stafford on the 3rd 
October, 1878. 

The writer of the present paper, a Fellow and Member of Council 
of the Sanitary Institate, took part in a discussion on Mr. Shone's 
paper on that occasion, and stated his belief that the Stafford Con- 
gress wonld be conspicnons in the fatnre by its being the occasion 
on which Mr. Shone's new sewerage system was first explained. 

He may therefore, perhaps, be allowed to look ronnd and say 
how far his prophecy, then only founded upon experiments with a 
working model, has been justified by results in the lifting and 
propulsion of millions of tons of sewage, of sewage sludge, and of 
that, which is known in the northern counties, as pail contents. 

This Association, exclusiyely composed of men practically con- 
cerned in the movement of sewage in all parts of the kingdom, 
lost no time in ascertaining the practicability and efficiency which 
men in such positions would naturally demand from an invention 
which had commended itself to sanitarians, and on the 21st June, 
1879, a large meeting, under the guidance of Mr. Pritchard, then 
President of this Association, examined the first ejector working 
at Wrexham. 

Messrs. Vawser and Lobley, past-Presidents, and many Members, 
took part in the discussion which followed inspection, and was very 
£&vourable to Mr. Shone's views. 

Thus it may be anticipated that this Annual Meeting, sitting in 
the Metropolis within a few yards' distance from working ejectors, 
will take some interest in the writer's attempt to report progress, 
even if he should unfortunately weary some hearers with a thrice- 
told tale. 
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Of course the lifting and propulsion of liquid or semi-liquid 
matter by compressed air automatically admitted and discharged, 
or blown off, by a machine called pneumatic ejector, has always 
stood forth as the distinguishing salient characteristic of the Shone 
system, and the novelty and efficiency of that machine absorbed 
much attention. 

But the ambition of the inventor led him to propound a complete 
system of sewerage and house drainage on the most scientific 
sanitary principles, which principles can now be applied at reason- 
able cost, irrespective of any of the local conditions which, in the 
absence of Mr. Shone's invention, have rendered it difficult or too 
expensive fully to observe those sanitary principles. 

He also provided an automatic flush tank for the temporary 
storage and concentrated discharge of sewage, slops, or clean water, 
which has been usefully applied; but there is no other novel 
appliance in the Shone system, nor any departure from theoretical 
principles which have been laid down by other engineers. 

The distinction between theory and practice is very great, and, 
where natural fall is deficient or absent, engineers have been sorely 
tempted to content themselves with sewers of deposit. 

Economical considerations had also led to the construction of 
large tank sewers with outlets closed for many hours every tide at 
seaside places, besides all the other lapses from a high standard of 
workmanship to which underground works are peculiarly Uable, 
and it seemed high time for a reformer to cry out for a 'stricter 
approximation to true principles. 

The advantages of a separation of rainfall and subsoil water as 
fiEtr as possible from sewage had only lately been fully admitted by 
the engineering world when Mr. Shone came on the scene, and 
perhaps some embers from the thirty years' strife, waged by 
Phillips, Menzies, and others, on behalf of the separate system, were 
still alive. Consequently it may not have been the most judicious 
course to introduce a new appliance by forcibly contrasting certain 
existing works with estimate of others, which might have been 
designed in their place if the new invention had been available at 
the period at which those works were executed. 

And the adoption of the separate system was no sine qud non 
as regards employment of pneumatic ejectors ; on the contrary, it 
was obviously against Mr. Shone's pecuniary interest as operating 
to reduce the number and size of tJie ejectors which would be re- 
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quired to lift both sewage and rain-water together in the combined 
system. 

Bnt enthusiasm is not unknown among inventors, and Mr. 
Shone naturally desired to express the true theory of his system 
in as perfect a manner as possible. He therefore entered heartily 
into the advocacy of the separate system, because it would enable 
him to adjust the sizes of his pipes and their gradients to a more 
regular flow of sewage, and to show greater economy in the drain- 
age of any town than would be possible under the combined system. 

Mr. Shone, in fact, began with the careful compilation of a 
tabular statement of the discharge from various sized pipes laid on 
different gradients, indicating at a glance those which would give 
a self-cleansing velocity approaching 3 feet per second, and other 
particulars which should be calculated on in designing works of 
sewerage. 

For this table alone much credit is due and has been accorded 
to Mr. Shone by many engineers, who refer to it with every confi- 
dence, and have found it practically useful 

The table contains two columns which give the " population for 
which the pipes would be suitable at the various velocities, &c./* 
on the hypothesis that 15 or 25 gallons respectively per head per 
diem would be the measure of sewage produced by the population ; 
and it has been erroneously assumed that Mr. Shone intended the 
theoretical figures set forth in one or other of those columns to 
be adopted in designing works without reasonable allowance or 
practical margin, whereas he only intended to bring forcibly before 
engineers the startling divergence of ordinary sewerage from the 
true theory, and to suggest closer approximation to the latter. 

But independently of this misunderstanding Mr. Shone has 
had to contend, from the very first, with the commonly received 
doctrine that compressed air is a very expensive agent. 

It would hardly be right to call that doctrine a prejudice, 
because it rests upon special facts, but it belongs to that class of 
fixed beliefs which are most prejudicial to early recognition of the 
value of inventions, which at first sight appear to set those beliefs 
at defiance. 

Now the doctrine rests only on these facts, viz. : — 

1. That, in all pre-ejector applications of compressed air, it has 
been used as a motor like steaia to drive a piston, in rapid motion 
to and fro, in a cylinder. 

2. That there is considerable waste of power, by the neces- 
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sary generation of heat, in compressing air beyond three atmo* 
spheres. 

3. That nntil recently air-compressing engines were defective in 
design and construction. 

But in the Shone system the air itself is a slow-moving piston 
employed to lift the sewage, and its pressure need not exceed the 
limit below which the waste of power is of less consequence. 

This should be obvious to any one who will take the trouble to 
understand the action of a pneumatic ejector; but it is to be feared 
there are still men who think or assert that Mr. Shone disputes 
the three facts on which their doctrine depends, and the members 
of this Association can readily understand the efi'ect of such asser- 
tions upon the minds of that class of men who find the money 
for works of sewerage, and have not time to study technicalities, 
or to expose the half traths put forward by Mr. Shone's rivals. 
Engineers designing works of sewerage must often have regretted 
being under the necessity of leading all the sewage of a large 
undulating area by valley lines to some common sumpt, whence 
the whole has to be pumped up to an outfieJl (situated perhaps at a 
lower level than the source of a large portion of the sewage) simply 
on account of the prohibitory expense of establishing several 
pumping-stations, each requiring its own engine, boilers, pumps, and 
attendance, on the spot. 

And here in the Shone system they have the means of collecting 
each district's contingent of sewage by sewers at little depth 
below the surface, converging to a point on no lower level than 
that required to give good gradients to the short lengths of the 
district sewers, with the certainty that so soon as a regulated 
volume of sewage shall have collected at such district centres it 
will automatically be pa^ssed on to the main outfall. 

This is accomplished either by lifting and discharging, into a 
neighbourmg gravitating sewer leading to the outfall, or through 
a sealed pipe which may follow the natural ups and downs of a 
road, and in neither case is the power expended greater than that 
which is sufficient for Uft and friction, counting the lift only as 
difference of level between the district ejector and final out&ll, 
instead of having to pump the sewage back again all the height 
from which it has gravitated to the single sumpt as in the old 
system. It may be said, therefore, that the Shone syBtem consists 
in the arrangement of such convenient districts, each with its own 
independent outfaU in an ejector station to which proper gradients 
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can lead the sewage through small self-cleansmg pipes laid within 
a moderate depth from the surface, and in calculation of the air 
pressure required to lift the contents of each ejector when full 
either into a gravitating sewer, or through a junction with the 
common rising main to the common outfall. 

The saving, in depth of excavation, thus effected may often cover 
the whole cost of ejector station and plant, and it only remains to 
keep up in any convenient place, central or otherwise, an air 
pressure equivalent to the highest lift in the system to secure the 
regular evacuation of all the ejectors immediately on their heing 
filled, and without loss of power, because reducing valves adjust the 
pressure applied in each case. 

Mr. Shone's two chief opponents have lately acknowledged the 
advantage of this subdivision of the area to be sewered into inde- 
pendent districts, by proposing a similar arrangement vrith hydraulic 
instead of pneumatic lifting power, thus preferring, in point of 
fact, to employ four pistons and four cylinders to accomplish the 
end which Mr. Shone attains with two of each. 

But it is not only the extra friction involved in a high-pressure* 
water engine which conflicts with common sense as regards such 
a substitute for the pneumatic ejector, because the sewage which 
falls into the latter is expelled lodily from the bottom of the 
receptacle, so that no screening and accumulation of rags and heavy 
matter (which require constant attention at every sewage pumping 
station) can take place, and the ejectors can be left for days to 
work under a public street without being visited, while the storage 
and removal of foul screenings from such a situation would be an 
intolerable nuisance as well as a cause of expensa 

Then, moreover, all the water, after it had worked the hydraulic 
pump, would generally have to be pumped away like so much 
additional sewage, and the machinery and extra thickness of pipes 
for the much higher pressure of water than that of air must make 
the cost of installation much greater in the one case than the 
other. 

And against these arguments we have only vague references to 
the loss by heat in compressing air supported by arithmetical 
calculations founded upon very insufficient data, and all this while 
practical men are constantly improving air-compressing plant with 
a firm conviction that the power can be produced so economically 

* Say 400 lb. the square ioch as compared with air at 45 lb. 
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on a large scale (as in the case of the Birmingham Compressed 
Air Company) that it can be distributed at a profit to its producers, 
when paid for, by those who require to nse it in place of steam as 
a motor for small steam engines, at less cost than they can produce 
the steam. 

A fortiori must economy be greater in the case of ejectors, since 
the compressed air directly moves the sewage by expansive force, 
and forms, as it were, a continuous elastic cushion from which 
successive portions, exactly equal in volume to the sewage they 
have displaced, are cut off and harmlessly blown away. 

Those who desire to realise in their minds this direct action of 
the air upon fluid will have an excellent opportunity of observing 
it in the glass working model which they will find at the Houses 
of Parliament Ejector Station, 

The distinction between direct and the ordinary indirect action 
of compressed air or high-pressure water (as respectively exempli- 
fied at Windsor Castle and Torquay) seems to make the Shone 
system much more economical than either of the others. In the 
ejector system two pistons and two cylinders alone are employed, 
L e. one of each for steam as prime mover and the other to com- 
press air. 

But in the old system, when the compressed air or high- 
pressure vmter, as the case may be, reaches the scene of operations, 
either agent has to move a third piston in a third cylinder, and 
finally we have the heavy pump plunger working as a fourth 
piston in a fourth cylinder, amid all the concussions of a solid 
body with an incompressible heavy fluid. 

The valves may be the same for pump or ejector vrith, however, 
this important difference, as to wear and tear, in &vour of the 
latter, that those for the pump must move over at least fifteen times 
more frequently than in the case of the ejector, for equal volumes 
of sewage lifted. We need not concern ourselves further with the 
recent controversy published by Iron on the Margate sewerage. 
At any rate the main object of this paper is to record the actual 
practical facts of the last decade, though it seemed desirable to open 
the matter with the above restatement of the Shone system, and to 
notice the bitter hostiUty it has encountered in one or two 
quarters whence it might have been least expected. 

It is true that general assertions to the effect that '' an enor- 
mous loss of power arises in the compression of air, as the whole (!) 
of the power exerted appears again in heai^^ and that 25 lb. or 
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27 lb. pressure was required to lift sewage 10 feet on Mr. Shone's 
system, are palpably absurd, but when they emanate from an 
engineer who has made a reputation by his writings, and as an 
adviser of sanitary authorities, such bodies may well be falsely 
alarmed. 

Borough engineers well know the difficulty of moving public 
bodies out of an old groove of practice, and can understand 
Mr. Shone's obligation, on the other hand, to all those public-spirited 
engineers and others who have seconded his effort to conquer that 
difficulty; but the fact is that the principle of his system is so 
thoroughly sound that nothing could upset it. 

Eastbourne, under the influence of Mr. G. A. Wallis, C.E., and 
its Borough Surveyor, Mr. C. Tomes, made the first plunge with 
three large ejectors to drive the whole of its sewage out to sea at all 
heights of tide. This first installation was of course no adequate 
example of the system, but it established once for all the thorough 
efficiency of the pneumatic ejector as a remedy for tide-locked sewers, 
and its ability to cope with all the variations of flow due to the 
combined system. 

Two miles and a half of large outfall sewer, which had all the 
inconvenience of an elongated cesspool backing up the flow of con- 
tributory sewers in the town, except at low tide, was at once entirely 
reheved, even at highest tide, by passing its contents through the 
ejectors to sea, and this improved state of things has been fully 
maintained for the last eigM years. 

But there remained certain low-lying areas in the town of 
Eastbourne, and the Sanitary Authority, fortified by experience, 
proceeded step by step to establish subsidiary ejector stations in 
these places to lift their sewage into the gravitating sewer, bringing 
the compressed air to work them by a pipe nearly three miles long 
from the original air compressors. 

The first of these steps in advance of the original installation 
was taken in 1882, after two years' experience of the latter, the 
second in 1883, and the third is now in progress, all apparently 
supplied with power from the original air compressors, and the 
result of this healthy gradual advance has been to make Eastbourne 
a very fair example of the judicious application of the Shone system 
to remedy the necessary defects in one of the best examples of 
sewerage to be found in seaside towns as such works used to be 
designed ten years ago. 

Mr. James Lemon, G.E., one of the earliest converts to the Shone 
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system, and Mr. W. Gamon, borough surveyor, followed very 
closely on the first Eastbourne ejectors, by introducing a small one 
into the sewerage of Winchester, worked, as are railway brakes, by 
a Westinghouse air compressor. 

Then Mr. Thomas Longdin, borough surveyor, started two ejectors 
at Latchford, near Warrington, in 1882, and four or five years later 
applied two other ejectors for transmitting pail contents a distance 
of about two miles, thus effecting a great saving in the previous 
cost of carting to the depot. 

Mr. W. B. G. Bennett, C.E., followed with one ejector of 700 
gallons capacity, for driving the effluent from precipitating tanks at 
Southampton against high tide, and two of 3G0 gallons each to lift 
from bw-Ievel sewers. A novel alternative use is made of one of 
these small ejectors to discharge the precipitated sludge from the 
tanks to other works one mile distant, and no difficulty has been 
experienced with either pail contents or sludga Mexborough, 
Fenton, Campos (Brazil), Sacramento (California), Darlaston, 
Wednesbury, Compton Gifford, &c., followed suit with from two 
to five ejectors^ each, not to mention clubs, restaurants, &c. in 
London. 

But in Beaumaris, on a small scale, and in the town of Henley- 
on-Thames, the Shone system is perhaps more fully carried out than 
in any other instance of its application as yet completed ; and the 
following quotation from a pamphlet by Mr. F. Ball, ex-Mayor of 
Henley, shows how much it has given satisfaction. 

** Advantages were gained (by adopting the Shone system) which 
it will be well to enumerate. 

" 1. Small sewer pipes laid with good inclinations at no great 
depth, watertight and mostly above the subsoil water level, dis- 
charging the sewage into an ejector where it becomes effectually 
trapped. 

*'2. The rapid transit of the sewage into an ejector before 
decomposition sets in. 

^'3. Seduced cost for flushing when that operation becomes 
necessary, the small sewers necessarily being more effectually flushed 
with less water than larger ones would be. 

'^4. Freedom from bad smells emanating from the manholes; 
for the cubic capacity of the sewers being small, the volume of air 
in contact with the sewage is proportionately small also, and being 
constantly changed through the rapid flow of the sewage, the latter 
cannot become stagnant and dangerous. 
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" 5. Less risk of the spreading of diseases ; the noxious matters 
entering the sewers of one district not being in any way commu- 
nicated to another. 

'^ 6. The facility afforded of extending the system to new districts 
irrespective of leveh in either. 

*' 7. The reduction in cost both in the initial outlay and in the 
working expenses." 

Snch testimony as this after a year's trial at Henley, with a lift 
of 140 feet, must be very satisfactory to Messrs. Shone and Ault, 
the engineers, and Messrs. Hughes and Lancaster, the sole licensees 
of the patents, as all will acknowledge who know the di£Sculty, 
time, and money required to introduce a revolution in engineering 
practice. 

But the careful investigation by a Select Committee of the Honse 
of Commons, which resulted in Mr. Shone s appointment as 
engineer to carry out a thorough reform of the sewerage of the 
Houses of Parliament, was a further guarantee of the worth of his 
system, and the impetus thus acquired is very great, — in fact large 
works in Moscow, Rangoon, Lowestoft, Heston and Isleworth, &c., 
show that a world-wide interest is now awakened, and among 
others the following engineers have either prepared or carried out, 
or are now preparing, schemes on the system, viz : — 

Messrs. Thos. and Charles Hawkesley. 

„ Bateman, Parsons, and Bateman. 

„ Bailey, Denton, Son, and North, 
G. Stayton, Esq., M. Inst. C.E. 
E. Pritchard, Esq., M, Inst. C.E. 
Messrs. Gotto and Beazley. 
P. C. Stileman, Esq., C.E. 
J. C. Inglis, Esq., C.E. 
W. B. Bromley, Esq., CM. 
J. C. Melliss, Esq., C.E. 

The works undertaken at Rangoon, in British Barmah,are very 
extensive, and provide not only for removing the sewage of a popu- 
lation of 50,000, but for a high-pressure water supply to be 
maintained from the same air compressors. 

These and other sewerage schemes now in progress will have a 
discharging capacity of about 8,600,000 gallons per diem, and the 
fact that several sanitary authorities in different parts of the world 
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have let contracts to provide for tiiat aggregate amount of work 
shows that the Shone system has gained considerable confidence. 

Bnt work actually performed is the basis of that confidence^ and 
it has occnrred to the writer to make an approximate estimate (on 
the basis of population sewered) of the sewage which has been 
lifted by pneumatic ejectors np to the present date. This amounts 
to nearly 48^000,000 tons of sewage raised to heights ranging from 
6 feet to 140 feet. 

Besides this, Mr. Bennett, O.E., estimates that nearly 5000 tons 
of sludge have been moved one mile at Southampton, and Mr. 
Longdin, C.E., returns the quantity of excreta or pail contents as 
about 11,000 tons transported about two miles at Warrington. 

Considering that four-fifths of the period of time, and a large 
amount of brain work and paper work have necessarily been 
expended in preliminary demonstration of the merits of the system, 
the above statement, of actual work done in moving sewage, can 
hardly be thought insignificant as the record of the first de^e of 
the Shone system, while the number of ejectors already ordered 
and in progress is very large. 

As an illustration of what the above figures mean, it may be 
remarked that the air pressure employed on the above work would 
more than suffice to remove down to Sea Beach one sixth-part of 
the annual flow of sewage at present discharged at Barking and 
Crossness, L e. about 170 million gallons per diem for some sixty- 
three days. 

The writer is not in a position to state the cost of the work done, 
or to compare it with that of lifting sewage in any other way ; but 
the fact that so many different sanitary authoritieB, who have paid 
the cost, are generally satisfied with their experience is encouraging, 
and the time will doubtless arrive when some common basis of 
comparison may be agreed upon and results carefully noted. 

Hitherto, however, so much heat and friction has arisen in 
argument between the advocates of low-pressure air and high- 
pressure water, on technical points such as the curves of adiabatic 
and isothermal compression, and on the efficiency of prime movers, 
that it is hopeless to look for speedy agreement to abide by the 
issue in foot-pounds and coal consumption, because wear and tear 
of plant would still form a bone of contention. 

TTnder existing circumstances, therefore, the practical view of 
this problem must surely be ^' SolvUw atnbtdandoJ' 
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DISCUSSION. 



Mr, PfiBEGBiNE BmoH (Westminster) : I had intended to hare 
deferred the very few remarks I have to make, in the hope that 
some gentlemen who have tried the Shone system, and haye figures 
at their fingers' ends, would haye giyen ns the definite facts to 
which they conld have spoken. There is no donht the Shone 
system has a very good and able advocate in Oolonel Jones ; bnt I 
cannot say that I altogether hold the same opinion that he does. 
I cannot concede to Colonel Jones that Mr. Shone is the introducer 
of self-cleansing sewers or sealed rising mains. I should like to 
know what is the cost of lifting a certain number of gallons of 
sewage by the Shone system, as compared with the cost of getting 
the same quantity of sewage to the same height, by means of steam 
pumping, gas-engme pumping, or hydraulic power. Yesterday I 
had the advantage of seeing the works at the Houses of Parliament. 
I think we must all agree that, for cleanness, neatness, and 
excellence of brickwork, and ventilation and all that kind of thing, 
nothing could surpass what we saw. But I wish Mr. Shone, or 
any one familiar with the figures, would tell us whether the net 
average work done at the Houses of Parliament exceeds ^ horse- 
power. We have seen the gas-engine, and the air-compressing 
machines, and the plant, which has been arranged extremely wel^ 
but it amounts to 16 horse-power, and I should like to know 
whether the work actually done exceeds ^ horse-power. From the 
figures given to me yesterday, I came to the conclusion that the 
pumping done did not exceed | horse-power. From my experience 
yesterday, I am inclined to agree with the oiSTer I am told Mr. 
Latham made to the Henley people, which was that if they would 
sell the Shone plant at one-third of what they gave for it^ and give 
him that one-third, he would undertake to do the pumping at a 
saving to the rates. I believe Mr. Latham could do thai I think 
that this question of Shone pumpmg has been rather ^' fogged " 
by the introduction of the teorm *' Shone system." I do not like 
the term ^^ Shone system." Mr. Shone has invented a machine 
for doing his pumping, and I believe it is an extravagant machine. 
His object is the same as our object. Our object has long been to 
make our sewers self-cleansing, to avoid tide-locked sewers, to avoid 
stagnant cesspools, and all the rest of it, and one engineer will 
adopt a deep sewer, another the steam engine, another a gas engine, 
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and another hydranlic pumping machinery. But our object is the 
same^ and whichever of these plans we adopt, these objectionable 
things are to be condemned and not tolerated for a moment. 
Although I belieye that this Shone system, as soon as people know 
of it, will disappear as a machine for pumping sewage, I am dis- 
posed to think that, for pumping semi-fluid like sludge, it may 
be more generally used than it is at present; but for pumping 
sewage — ordinary sewage — I do not beheye, when people know 
what it is, they will ever adopt it. 

Mr. J. Lemon : As my name is mentioned in Mr. Jones's paper 
I could not very well remain silent, and should like to say a few 
words upon it It is quite true thai I was one of the earliest 
converts, not to the Shone system, but to the adoption of the 
ejector. I think, however, the Oolonel must have made a mistake 
in the dates, because he says it was adopted at Eastbourne in 1882, 
and Winchester followed very soon after. I think it was in 1878 
that I finished the work at Winchester, and therefore there must 
be something wrong in the dates. The reason why I adopted the 
ejector at Winchester was this, I wanted to raise the sewage from 
a low level district, and I wanted to put the pumping machinery 
in one place and Uie sewage outfall in another. It is the object 
of every engineer to get self-deansing sewers, and his duty is to do 
that by gravitation where he can. If he cannot do that, then he 
must lift his sewage, and he must consider what is the most 
economical way to do it If he can get good gradients, running, 
to one out&ll, why then the Shone system cannot compete with 
the best kind of steam pumping. But if he cannot do this, then 
he ought to avail himself of this very ingenious invention of the 
ejector. The great merit of this ejector is this, it saves in some 
cases very deep cuttings, because the engineer can place this power 
at one point, and have his pumps at various other difierent points. 
Then there is another advantage attending the use of the ejector. 
The engineer can place his power at any possible position ; and 
there is always a diflSculty, you know, in getting a pumping station, 
because everybody says it is a nuisance, whether it is or not. He 
can place his power at one station and his pumps at the most 
convenient point, and that, of course, is a very great advantage. 
Mr. Birch has raised a very important question. He says he 
wants to know the cost of lifting sewage 1 foot high by the 
ejectors, as compared with the cost of lifting sewage the same 
height by other means. I can tell you, as far as my experience 
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goes, that the ejector is a costly machine as compared with other 
means of lifting. Therefore he may disabuse his mind on that 
point ; but I say that is hardly a fair way of testing the merits of 
the Shone ejector. You mnst take all the drcnmstances of the 
case into consideration. Ton mnst compare the cost of yonr own 
old system of putting down your pumpmg station at one point, 
as against sewers of good gradients, with less deep cuttings, and 
the power placed at various points. If on working out the whole 
of the facts, and the working expenses, in each case, the Shone 
system is found more economical, then I say it is our duty to 
adopt it. But do not let us run away with the idea that, as a 
lifting machme, the Shone system can compare with the best 
pumping engines ; I say that it cannot. 

Mr. K Pbttohabd : I have had, during some years now, con- 
siderable professional experience in several towns of the working 
of the Shone ejector. In two places in particular I have put 
down six of these ejectors ; which are at the present time at work, 
some of them only partially. I think it was about 1879 that 
Mr. Shone made public the ejector, and I recollect hearing an 
explanation of it and seeing it at work, on the Wrexham sewage 
£ftnn. It is only right to say that I was very much struck with it 
as a substitute for pumping under certain conditions. I agree 
with what previous speakers have said, as to the ejector compared 
vnth pumping engines. I do not believe that any system of com- 
pressed air can be made to compete with our best description of 
pumping engines. Although I proposed to give the ejectors a &ir 
trial at the first opportunity, it was some years before I felt 
justified in advising my cUents to go to what Mr. Lemon calls the 
expensive outlay. But the time came at last, and I can explain 
how it has been most advantageous for the districts where the 
works have been carried out. At Wednesbury, a district in 
Staffordshire, it was found that it would be necessary to construct 
a very costly intercepting sewer to convey the sewage to one ouir 
&11. We idiould have had to pass through ground over mines, 
and this only for the accommodation of a small number of the 
population. Now, that would have involved very expensive and 
costly work in every respect, as well as being work very difficult to 
maintain. Now, there was a case where things were in fieivour of 
the Sihone ejector. The pumping station was determined upon at 
the outfall. The main high level sewer, which will take the 
greater portion of the sewage, discharges at this point For the 
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remaining smaller quantity of sewage, it would be a very costly 
thing to construct a separate sewer, consequently ejectors are used. 
These ejectors are four in number. Their distance from the 
station is between two and three miles. The ejectors are calculated 
to discharge, one 56 gallons per minute, another 20, another 96, 
and another 50, with a dead lift ranging from 11 feet to 
28 feet, and the sewage will be automatically lifted by the ejectors 
to the high level sewer flowing thence by gravitation to the outJEftlL 
The one engine compresses the air for the ejectors, and also for 
the sludge -pressing machinery ; operates the lime and alumina 
mixers, as well as other works. Consequently as one man does 
the whole of the work, as engine driver, there is a considerable 
gain by the adoption of the ejector system. 

Mr. G. B. Stbaohan : When a paper is read before an Associa- 
tion like this, it gives great prominence to the system advocated, 
and I think we should emphasise our opinion that the Shone system 
has merits in a limited sphere for limited ends. Many of us object 
entirely to its being called a system, or applied as a whole system 
to towns. I notice there are many statements in the paper that 
Colonel Jones would have difficulty in establishing. One of these 
is, a reason which he gives why the Shone system should be 
adopted in opposition to other systems— that all underground 
works are particularly liable to lapses from the inferiority of the 
workmanship. What does he mean by coming here, and saying this 
is a disadvantage to a body of engineers ? He is speaking to a 
body of men who know something about such things, and I think 
this is a great blot on his paper. Colonel Jones further says that 
Mr. Shone has to contend against some commonly received doctriues, 
and one of these is, that compressed air is a very expensive agent. 
I venture to say that there is a good basis of fact for this commonly 
received doctrine ; and Colonel Jones has not said one word in his 
paper, from beginning to end, that will tend to remove it. I 
notice further, that the paper says he is going to give his practical 
experience of the system for the last decade, but there is not one 
line devoted to the expense of the system. That, however, is the 
real point. Beference has been made to Henley. I have the 
figures, as they were given to me ; I will put them forward, and 
perhaps they will be corrected if they are wrong. The population 
is stated to be 5000, and the drainage from 3000 is connected 
with the sewers. The sewage is lifted 117 feet net, and with 
friction, 140 feet, as stated in the paper. Taking 30 gallons per 
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head, and 8000 as the sewage population, that gives 90,000 gallons 
of sewage, and the cost of pumping, that is 4502. a year. That is 
a fact, and I give the advocates of the Shone system an opportonity 
of denying it. Taking five persons to a house, and the average 
rateable value of every house at 401., it amounts to a 5d. rate for 
pumping alone. Probably this is the reason why no figures as to 
the cost are given in the paper. It shows that, when the system 
is applied to the whole of a to^n, the commonly received doctrine 
that compressed air is an expensive medium, is a true one. The 
Houses of Parliament works may be the ^* most beautiful and dean 
sewage works in the kingdom," but they stand unique in being the 
most expensive. 

Mr. E. G. Mawbey : I admit that Mr. Shone's system has very 
special merits for particular isolated cases, but I was convinced, 
after thoroughly going into the matter, that as a general scheme 
for York it would be very expensive, so far as I could judge &om 
the data at our disposal. We felt sure if we adopted it as a 
general system, we should eventually have to apply the separate 
system to the whole of the city, and we should not be able to take 
in the first washings of the streets unless. we carried out the 
Shone system on a very extensive and expensive scale. I am very 
glad to hear we have some data as to the percentage of power 
given back in actual effective work in sewage lifting. There is 
one thing I should like to mention. I noticed in the Houses of 
Parliament, when our party was there, there was considerable 
noise in the working of the ejectors. It is stated there is no noise 
made by the working of these ejectors. I am anxious to have an 
opportunity of introducing the Shone system in some suitable 
isolated district ; but I should like to know why that great noise 
was caused, or whether it can be avoided. It struck me, Mr. 
President, when we were considering the York scheme, that we 
might very well transmit air power to an isolated low-lying district 
from our main pumping station, in order to work simple air 
engines and pumps combined, the valves being actuated by an 
automatic float working on the surface of the sewage. The air 
could by such an arrangement be used expansively. 

Mr. J. Lobley: The same reason that Mr. Lemon and Mr. 
Pritchard advanced for speaking must also be my excuse for doing 
so. I see no reason to alter the opinions which I expressed nine 
years ago. I saw then that the thing was practicable, and that 
the system is exceedingly useful as an adjunct, and for outlying 
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districts in many cases. A few years ago I was asked to ezamme 
the plans ci a neighbouring local board in my own district, 
and report npon them, which I did. Although I found no fault 
whaterer with the ordinary system adopted, it inyolved an outfall 
sewer and pumping station for which land would have to be obtained 
at a high price by compulsory powers. This out&U sewer would have 
to be constructed very deep, and to pass under a canal in two or three 
places, and being a very flat gradient, the pumping station would 
also haye to be placed at that position, and another pumping 
station most probably on the sewage farm. I recommended the 
authorities of Fenton to look into the Shone system, and said I 
thought it would saye them a considerable sum of money. They 
did so, and formed a committee, which yisited Eastbourne, and they 
haye adopted the system, and I belieye are perfectly satisfied with 
it. The £rst cost of the deep intercepting sewer was entirely 
sayed, that of the pumping station was entirely sayed, and the 
pumping engine was in a measure sayed, with the boilers and 
attendance. They placed their engines and boilers on their own 
land, and haye put their ejectors where they liked, and I yenture 
to say the interest on the capital they haye sayed will pay the 
entire cost of pumping. They lift the sewage on to the farm, and 
to the upper part of the taxm, so that there is an undoubted saying 
by their haying adopted the Shone system. Thus my opinion has 
been confirmed since my yisit to Wrexham nine years ago. 

Mr. J. GrORDON : We are yery much obliged to Colonel Jones for 
bringing the subject forward, but I feel yery much the same as Mr. 
Strachan respecting the tone of the paper, and the way it attacks 
gentlemen who are named, and gentlemen who are not named. 
What we really want to know are the facts of the case. We want 
to know the cost of the works which haye been referred to, so that 
we may form an opinion as to under what circumstances this 
system may be used with adyantage oyer ordinary methods of 
pumping machinery. I yery much agree with what was said by 
Mr. Peregrine Birch about the Houses of Parliament. From 
anything I saw there, I cannot see that the same results could not 
haye been obtained, in a much more economical manner, by many 
well-known classes of pumping machinery. If time had allowed, I 
should haye been inclined to make more remarks on this subject, 
because I notice there are some points which it would haye been 
interesting to haye entered into more in detail. Colonel Jones must 
excuse me saying it would haye been well if a great portion of the 
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first part of tiie paper had been left out altogether. It does not 
seem to be a proper way of bringing a snbject of this sort before the 
Association to pick np all the controyersies respecting it that have 
taken place during the last ten years. We know nothing abont 
these things here this morning, nothing whatever. Colonel Jones 
says, " At any rate the main object of this paper is to record the 
actual practical facts of the last decade, though it seems desirable 
to open the matter with the aboye restatement of the Shone Gfystem, 
and to notice the bitter hostility it has encountered in one or two 
quarters whence it might haye been least expected." This Associa- 
tion knows nothing about this, and I hope the remarks do not 
apply to the members of it. Mr. Strachan has touched on this 
point and on the next paragraph in the paper about an engineer 
having said that 27 lb. pressure was required to lift sewage 
10 feet on Mr. Shone's system. It is said in the paper, that 
statements of this kind are ^^ palpably ftbsurd, but when they 
emanate from an engineer who has made a reputation by 
his writings, and as an adviser of sanitary authorities, such 
bodies may well be £Edsely alarmed." This again is a thing 
that does not seem to concern us this morning. We want to get 
to the practical facts. There is this paragraph, ^' Two miles and a 
half of a large outfall sewer, which had all the inconvenience of an 
elongated cesspool backing up the flow of contributory sewers in the 
town, except at low tide, was at once entirely relieved, even at the 
highest tide, by passing its contents through the ejectors to the sea, 
and this state of things has been fully maintained for the last eight 
years." We should have liked to know whether the same results 
could not have been obtained by lifting the sewage by ordinary 
methods so well known to engineers. I quite believe there are 
cases where the distribution of compressed air from some given 
pumping station, or central position of power may be economically 
applied, as for instance to the lifting of sewage sludge, such as I have 
seen at Southampton. That I think is a legitimate case for its use. 
Further on the whole thing is summed up, and the alleged 
advantages of the Shone system are stated under seven separate 
heads. But there is nothing whatever to prove or verify these 
statements. I am very sorry Mr. Shone is not here, and I think 
for Colonel Jones to place himself in the position of advocate of 
this system, before gentlemen who I hope know their business, is 
going rather further than we should exp^. The points raised are 
things we all have in view, and we can accomplish them better, in 
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the great majority of cases, without the application of this particular 
system. But we do want to know nnder what circumstaaces this 
system can be judiciously applied. Therefore I hope, whenever 
gentlemen are named in a paper read before the Association, they 
will do us the honour of being present, and give us the information 
we are all so anxious to obtain. 

Mr. CooPEB (Wimbledon) : We are told that this is the most 
sanitary system of sewering towns. In the first place, it means the 
establishing of a number of cesspools here and there throughout 
the town, the contents of which are discharged now and then 
through the sewers. We are further told that the sewers are 
perfectiy free from smell, but in a report of the Henley Town 
Council, which I saw, Mr. Woods, one of the members, asked whether 
the engineer of the works had reported as to flushing the man-holes 
in the town, some of which were most offensive. Again, we have 
a large increase in the death-rate of Henley since this system was 
established. The death-rate in 1880, before Shone's system was 
estabUshed, was 17*8. In 1887, that is after the Shone system 
was adopted, the death-rate rose to 19 '7. In Henley they pump 
their sewage up to a considerable height, and on to permeable 
ground. It appears to me, after looking at the Ordnance sheet, 
as if the sewage which is pumped on to this permeable ground 
very likely finds its way into some of the wells and perhaps into 
the waterworks wells. The figure which Mr. Strachan gave — 
namely, that the cost of these works was 4861. a year, does not 
appear to include the interest of the capital expended. If it does, 
it only includes 752., and that could not in any way represent the 
interest on the outlay for the pumping station and Shone's injec- 
tors, nor the two engines of 35 horse-power, for pumping the 
sewage of 5000 inhabitants. It seems ridiculous such a small 
population should want such powerful engines. Two six horse- 
power engines ought to have been quite sufiicient. 

Mr. G. E. Eaghus : I submitted a plan of the Shone system for 
Eavre^ and also an ordinary sewage scheme. The ordinary sewage 
scheme was an estimate and plan of my own, the Shone scheme and 
plan were prepared by Mr. Shone, and the estimates of first and 
annual cost by Mr. Hughes, of Ijancaster. The actual figures, in 
that particular instance, worked out a little, but not very much, 
against the Shone system. I was not then in possession of the 
&cts which have come to my knowledge since with regard to the 
actual cost of the pumping. I would ask the reader of the paper. 
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or Mr. Shone, to famish us with a few facts which they can give 
for fixing the actnal comparative cost of the two systems. If they 
would give the ^rea, population, and actual volume of sewage 
pumped in one particular place, the area served and fall of sewers 
in each division, and the height of the nett hit^ and the increased 
height of lift at each injector — ^if they would also give the detailed 
cost, I think we should then be able to make a comparison which 
would be more satisfetctory than anything we have yet had put 
before us. 

Mr. Joseph Hall : Torquay has been referred to as having an 
alternative system of pumping from the mains. In our case the 
water runs oJOT direct into the high-level sewer. The cost of water 
never exceeds 1202. a year at Ad. per 1000 gallons, and the cost for 
labour never exceeds 20Z., for attention, repairs, and incidental 
expenses. The maximum duty of the pumps when both are 
working is 14,000 gallons per hour lifted 16 feet, but usually only 
one pump is required for a part of each day, and they work auto- 
matically, starting and stopping as the flow of sewage varies. The 
population served is about 2000, and one-third of the storm-water is 
included. 

Mr. E. J. SiLoocK : The first speaker asked what was the average 
power that is being used at the Houses of Parliament for pumping 
the sewage thera He said be calculated theoretically the power 
which ought to be used at one-eighth horse-power. Whilst there 
I asked the gentleman who accompanied us what amount of power 
was being used, and how much it cost per hour per horse-power. 
The result of my inquiries came to this, that when the ejectors 
were being discharged 4 horse-power was being used, and when 
they were not being discharged, 2 horse-power. Consequently it 
takes 2 horse-power constantly running to keep up the power in 
the accumulators. 

Mr. F. Ball (Henley-on-Thames): I am a member of the 
Town Council of Henley, but I am sorry to say I have come here 
without some papers wUch would have given you the information 
in detail. But from memory I can tell you that the annual working 
expenses for fuel, labour, and such things is about 4802., and that 
the cost of fuel per indicated horse-power per hour, at the present 
price of coals, is \d. The rate for the repayment of the loan, 
interest and working expenses amounts to 2a. 2d. in the £ per 
annum — Is, \d. per half year. That is against rates of 2a. 6(2., 
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Ss. Id., and Ss. 6d. in the £ Fespectively, the estimated annnal cost, 
bat not including interest on purchase of land, for schemes sub- 
mitted on other lines. So that instead of the ^one system being 
more ezpensiyey it is really very much cheaper than the system of 
ordinary gravitation and pumping would have been. That is an 
actual fact ; there is no supposition about that. One gentleman 
said that the population of Henley draining into the sewers is 3000. 
The number must be nearer 4000 of the resident population, and 
during the regatta week we have had the sewage of 10,000 or 
12,000 persons to deal with. Not only does the resident popula- 
tion of the town increase, every residence, and every little cottage — 
as your President is aware — being crowded at that time, and all 
the large hotels likewise, but in addition, large numbers of persons 
come in by trains, who go to hotels and other places for 
refreshment; which necessarily largely increases the quantity 
of sewage. I am pleased to say tl^t, notwithstanding this, 
during the regatta week there has been no hitch whatever, and all 
the sewage has been regularly delivered at the outfall works with- 
out any extra consumption of coal. I can only show the advan- 
tages of the Shone system by comparing it with others that were 
proposed on the old pumping system. We have been enabled to 
take the outfall works three times the distance from the centre of 
the town, with three times the lift, at a less cost The annual 
expenses are also less. You will all admit that it is a great 
advantage to have the outfall further away from the town. The 
outfall in the scheme proposed by another engineer, under the 
ordinary system of pumping, was practically speaking within the 
limits of the borough. If the boundary had been more Uke a circle 
instead of having large angles, that outfall would have been within 
the borough boundary. We have been able to take it 1^ miles 
away from the borough, between two hills, in a wood, where it is no 
nuisance to any ona The total outlay will not be more than 
20,000Z., induing the purchase of land, subsoil drainage, fee of 
250Z. paid to Mr. Latham for the rejected schemes, and legal 
expenses. The least expensive of the other schemes would have 
been something like 26,0007, The population is slightly under 
5000, but, as I have explained, we have a greatiy increased popu- 
lation at certain times of the year. Therefore it is hardly fair to 
compare the cost when the minimum amount of work is being done, 
and say it is dear. We must provide for the maximum, and if 
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yon take the cost when the maximnm work is bemg done and com- 
pare it with that of steam^ yon will find the oomparuaon in &Yonr 
of the Shone system. 

Mr. Gordon : Can yon give ns the quantity pnmped per day, 
and what becomes of iixe storm water ? 

Mr. Ball: The quantity pnmped per day must be about 
100,000 gallons, as tiie waterworks company supply above that 
quantity daily. The storm water and subsoil water flow into the 
river. The delivery of sewage at the outfall was at the rate of 
200 gallons per minute. The nett lift is about 120 feet. 

Mr. Eaohus : Did the other systems include the cost of land ? 

Mr. Ball : No, they did noi The lowest estimate was 17,00OZ., 
without the cost of land ; and in that case the cost of the necessary 
land would not have been less than 10,0007. In another case the 
cost would have been 19,5002., and the cost of the land would have 
been about 20007. more. In the third case the estimate was 
20,0007., and the land would have added 60007. or 80007. to 
the cost 

Mr. A. M. FowLSB : A great deal of this time would have been 
saved if we could have some unit of cost, because we do know the 
cost of pumping sewage. My experience of the cost of pumping 
water at Leeds was, that we could pump it 240 feet high for 
|(2. per 1000 gallons. Now if we could get fisusts like that respect- 
ing the working of the Shone system, with interest on the capital 
expended, and repayment of the capital in thirty years, we 
should have something tangible. We should like to get from 
Messrs. Shone the exact cost unit, so as to have it on our Pro- 
ceedings. 

The Pbbsident : I am sorry to say that this discussion, which 
has been very interesting, must be brought to a close, and have only 
one or two remarks to make mysell I spent the greater part 
of last week at Henley-on-Thames, and certainly a more stinking 
town than Henley was, during those two or three days, I never 
was in. It was so bad at the cottage I took that all the windows 
had^ to be closed ; and I wrote a letter to the Mayor, and told 
him (1 did not then remember that a paper was to be read on 
this question) that the stench was so bad I should mention the 
matter in my Presidential address to this Association. This may 
or may not be due to defects in Mr. Shone's system or so-called 
system ; but I may say this with regard to Henley, that if Mr. 
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Shone is responaible for the way in which the drains are venti- 
lated, all I can say is that it is the worst bit of engineering I 
ever saw in my life. I took a cottage in a street about 200 
yards long — a street of cottage houses. As £Eur as I could tell 
there was one sewer in front of these cottages, and another at the 
back. 

Mr. BAUi : No. 

The Pbbbident : I am glad to be corrected. All I can say is, 
that at the rear of this particular street there were 3-inch pipe 
ventilators, about 7 feet high, and within 15 feet of the bedioom 
windows. There were four of these ventilators to each row of 
cottages, and they also abounded in other places in the town. 
It is a great pity when a paper on a new system is brought 
before the Association that it should be submitted by a special 
advocate; and there is not sufficient evidence brought forward 
by the inventor to engineers that all the statements made are 
absolutely correct. As a matter of fact, Mr. Fowler has touched 
the keynote of the whole discussion. We want units for com- 
parison, and without these the whole of this criticism is absolutely 
barren. With r^ard to compressing air, during the last twelve 
months I have had a great deal of experience. We shall show 
you this afternoon pumps which are constantly compressing air up 
to two and three thousand pounds to the square incL I would 
just say this respecting it, that it is an extravagant method of 
obtaining power, because you are always pumping against the 
accumulated pressure. 

Colonel JoNBs : First of all, I beg to express my thanks for 
the attention which has been paid to this paper, and the discussion 
which has arisen on it The principal object in my mind in 
preparing this paper was to try and put a little oil upon all the 
friction which has arisen respecting this system from the first. I 
have always been driving at it, that the name of Shone was a 
curse to the system. It has been so to this day, and we can see it 
now influencing every speaker with few exceptions. Really cannot 
we banish it ? I am a radical in politics and everything else, and I 
dissent distinctly from these trade-unionism feelings. ^' Great is 
Diana of the Ephesians" is the cry which has been raised ever 
since 1879, when Mr. Shone first introduced his system. It is all 
simply this, have we got &ir-play ? With respect to the date 
referred to by Mr. Lemon, I acknowledge that I have made a 
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mistake, and that he adopted the S3rstem earlier. My only yicdt 
to Winchester occnrred in 1882, and the date got into my paper in 
that way. I think nothing can be more satisfactory than Mr» 
Fritchard's evidence. It is nearly everything I have ever said abont 
the system. I think it is a misiEike to have a contention as to its 
being cheaper than any other mode of pnmping until we have proper 
data to go upon. Attention has been called to the last paragraphs 
in the paper. I ask you whether it is iiair to expect that the 
inventor of a new syst^ (introduced with immense difficulty, and 
which has not been more than two years at work, in its entirety as 
a system) shall be bound at once to prove superior economy before 
saying anything of the undoubted sanitary advantages of his 
system. ISome members appear to demand this, but I do not think 
it reasonable, and therefore I ended the paper with the view that 
we must wait for results patiently, and be r^y to give the system 
&ii play until we can get proper results. I think the evidence 
we have had here to-day, from those who have come casually to 
this meeting and have tried the sfystem, is sufficient to justify my 
paper. I do not know that you could have anything more satis- 
£ftctory than Mr. Lobley's statement respectmg the application of 
the system to Fenton, which is quite new to me. I call that 
a most judicious application of the system. We speak of it as 
the Shone sjrstem, because it is known by that name, but it is 
really the application of the ejector wherever it is desirable to put 
it. I do not think even Mr. Shone means to put down ejectors 
where they are not wanted. Wherever you can gravitate the 
sewage with a velocity of 3 feet per second to one general outfall, 
no one in his senses would want to adopt the Shone system. As 
to noise, that is one of the objections raised, but you cannot have 
a valve moving over without noise, and you must put india-rubber 
over it if you wish to avoid noise, but it is so slight as to be of no 
consequence. As to the President's remark respecting compressed 
air being an expensive power, we all know that is so when you. 
compress air to two or three thousand pounds to the square inch, 
but I ask is that a bix argument as to the expensiveness of a 
system which only requires 50 lb. pressure at the utmost. Another 
point I must just mention. Mr. Gordon referred to my having 
quoted, as palpably absurd, the statement that 25 lb. or 27 lb. 
pressure was required to lift sewage 10 feet on Mr. Shone's prin- 
ciple. It arose, I believe, in this way. Some one went to War- 
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rington to see the ejector there, and he noticed the compressed 
air gauge stood at 25 lb. pressure, and that the sewage was only 
being lifted 10 feet. He did not know that compressed air was 
being used at the time for other purposes, and that 5 lb. or 6 lb. 
would have been ample for the lift required, and it was truly 
absurd to jump to the condusisn that all that waste of power was 
necessary under the Shone system. Consequently I was obliged to 
say that the statement made about this was '^ palpably absurd." 
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THE AVERAGE METER SYSTEM. 
By GEO. B. 8TBA0HAN, Assoc. M. Inst. O.E., Ohblsba. 

The writer has been experimenting with regulator gas-burners for 
some eighteen months, with a view to ascertain their reliabihty under 
various and varying pressures and conditions, and in the course of 
the experiments doubt has been raised in his mind as to whether 
the average meter system is necessary to a reliable and economical 
determination of the volume of gas consumed in the public lamps. 
His object in bringing the subject before the Association is to 
obtain the criticisms of the members on his conclusions, in order 
that the true system may be revealed. 

The average meter system as practised in the Metropolis is 
briefly as follows : — Each lamp is provided with a regulator gas- 
burner which passes a definite quantity of gas per hour under the 
varying pressures in the mains, and at certain lamps, carefully 
selected by the gas company and the local authority, meters are 
fixed, which record the volume of gas burned. Each month the 
meters are read, and after striking out the returns of those which 
show a variation of 10 per cent, over or 10 per cent, under the 
theoretical volume obtained by multiplying the number of hours 
during which the lamps were lighted into the cubic feet per hour to 
which the burners are set, an average consumption is obtained for 
the selected lamps, and this is taken as the consumption for each 
lamp throughout the district The question raised is, are the 
regulator gas-burners sufficiently accurate to be relied upon for 
the quantity burned without the check of the meters ? 

In the following experiments an experimental gas-holder and 
minute clock by Parkinson were used. When the burner experi- 
mented on was fixed over the meter, it was not removed until the 
experiment with it was completed. In each experiment the gas- 
holder was filled with 5 cubic feet of gas, and was not refilled 
during the time, so as to secure as £Eur as practicable gas at the 
same temperature and barometric pressure. The increase of tem- 
perature in the gas by the increased pressures is common to all the 
experiments, so that they give a basis of comparison when this 
slight error is neglected. The water gauges on which the pres- 
sures were recorded are four inches below the regulators. The 
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regulator gas-burners experimented on were bought in the open 
market without the knowledge of their makers, so as to avoid 
specially prepared burners, and it is possibly due to this that the 
results obtained present discrepancies. The names of the makers 
are not stated in the paper, as the writer does not approve of using 
the platform of the Association as an advertising medium. The 
aim of the tests was to find out whether the regulators controlled 
the consumption of gas under varying pressures at the volume to 
which they were fixed. The pressures given are water-pressures : 
thus, 1 inch is ten-tenths pressure, &c. 

Experiment 1. 
Burner used was a 5-foot fish-tail common burner, said to be a 
** regulator," but possessing no regulating apparatus whatever. The 
figures under the pressures give the number of cubic feet per hour. 





Pbbssuubs IK Inches. 






1 


1-5 


2 


2-5 


3 


3 5 


4 


Averages. 


A 
B 
C 


7-12 
6-65 
6-58 


8-85 
7-67 
7-86 


10-70 
10-12 
10-17 


11-55 
10-82 
10-75 


12-82 
12-00 
11-85 


13-62 
12*65 
12-95 


14-55 
13 30 
13-87 


11-30 
10-44 
10-57 


Averages 


6-75 


8-13 


10-33 


11-04 


12-22 


1304 


13 91 


10-77 



These results show that the burners are not regulators. The 
vertical column of averages shows the greatest variation to be 7^ per 
cent The horizontal column of averages shows that the burners 
at 1 inch pressure passed 35 per cent., and at 4 inches pressure 
178 per cent, more gas than they were marked to do. 

Experiment 2. 

Burner used was a 6-foot bat's-wing common burner, said to be 
a " regulator " but possessing no regulating apparatus whatever. 





Pkessubkb ih Ikchbs. 






1 


1-5 


2 


2-5 


S 


3-5 


4 


AveragM. 


A 
B 
C 
D 


8-87 
7-70 
8-40 
9-88 


11-05 
10-03 
10-85 
11-52 


12-87 
11-50 
12-20 
12-42 


13-77 
12-76 
13-20 
13-65 


14-77 
14-10 
14-52 
15-00 


16-25 
14-95 
15-60 
16-10 


16-70 
16-22 
16-65 
17-90 


13-47 
12-46 
1303 
18-71 


Averagoe 


8-59 


10-86 


12-25 


13-84 


14-60 


15-70 


16-84 


18- 17 
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The vertical colnmn ayerages show the gieateet yariatioii to be 
9 per cent, the horizontal column ayerages show that at 1 inch 
pressure the burners passed 43 per cent., and at 4 inches of 
pressure 181 per cent, more gas thw they were marked to do. 

Experiment 8. 

Burner used was a 5-foot public lamp regulator burner with a 
regulating apparatus. 





PfinSUBEB IS IVOHXS. 






1 


1-5 


2 


2-5 


3 


8-5 


4 


AvengeflL 


A 
B 



5>82 
5-33 
5-43 


6-51 
5-30 
5-47 


5-55 
5-23 
6-31 


5-47 
517 
5-15 


5-36 
5-08 
5-05 


5-16 
4-85 
503 


4-98 
4-60 
4-85 


5-41 

5-08 
6-18 


AvenseB 


5-52 


5-43 


5*36 


5-26 


5-16 


5-01 


4-81 


6-22 



The vertical column averages show the greatest variation to be 
6 per cent., and show carelessness in manufacture. The horizontal 
column averages show that at 1 inch pressure the burners passed 
10*4 per cent, more^ and at 4 inches of pressure 4 per cent, less 
gas than they were marked to do^ (»r a total variation of 14'4 per 
cent. They also show that the regulating apparatus checks the 
waste of gas at increased pressures, but that the burners are not 
true regulators, for the volume of gas passed foils off gradually as 
the pressures increase. 

Experiment 4. 

Burner used was a 4-foot public lamp regulator burner with a 
regulating apparatus. 





PRB8SUBK8 IH INCHES. 






1 


1-5 


2 


2-5 


8 


3-5 


4 


Avcngei. 


A 
B 

D 
E 
P 


4-27 
4-18 
4-33 
8-95 
4-30 
4-31 


4-57 
4-35 
4-4a 
4-06 
4-31 
4-35 


4-47 
4-37 
4-50 
411 
4-29 
4-40 


4-48 
4-32 
4-40 
4-82 
4*32 
4-40 


4-45 
4-25 
4-41 
4-22 
4-28 
4-37 


4-47 
4-35 
4-40 
4-06 
4-30 
4-37 


4-47 
4-36 
4-37 
8-87 
412 
4-38 


4-45 
4-31 
4-41 
408 
4*28 
4*37 


Averages 


4-22 


4-34 


4-36 


4-37 


4-33 


4-32 


4*26 


4-32 
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The yertical oolamn averages show the greatest variation to be 
9 * 25 per cent^ and show considerable carelessness in mannflEicttire. 
The horizontal column averages, which reveal the reliability of the 
principle of the regulating apparatus, show that at 1 inch pressure 
the bumeni passed 5*5 per cent., and at 2'5 inches of pressure 
9*25 per cent, more gas than they were marked to do. A study 
of the figures will show that the regulating apparatus is a good 
although not a perfect one. The consumption of gas increases 
with the pressure &om 1 inch to 2j^ inches, and decreases from 
2j^ inchea to 4 inches, but taking the average of the experiment 
as a standard the burners show an excess consumption of 1 * 15 per 
cent., and a deficient consumption of 2*3 per cent. : which is a 
good result. 

Experiment 5. 

Burner used was a 4-foot public lamp regulator burner with « 
regulating apparatus. 





PSBMUftU IN IHGHBS. 




















Ayerages. 




1 


1-5 


2 


2-5 


8 


8-6 


4 




A 


4-18 


4-35 


4-35 


4-33 


4-28 


4-28 


4-32 


4-30 


B 


4-35 


4-48 


4-56 


4*52 


4*68 


4-63 


4*52 


4-58 





4-23 


4-30 


4-32 


4-32 


4-33 


4-37 


4-33 


4-31 


D 


413 


4-18 


4-31 


4-30 


4-20 


4-27 


4-22 


4-23 


E 


4-22 


4-80 


4-37 


4-35 


4-40 


4-37 


4- 12 


4*80 


F 


4 41 


4-47 


4-57 


4-65 


4-63 


4-63 


4-80 


4*59 


Avenses 


4-25 


4-35 


4-41 


4-41 


4-42 


4-42 


4-38 


4*88 



The vertical column averages show the greatest variation to be 
8 per cent., and show considerable carelessness in manu&cture. 
The horizontal column averages show that at 1 mch pressure 
the burners passed 6 ' 25 per cent., and at 3 inches of pressure 
10 * 5 per cent more gas than they were marked to do. They also 
show that the regulating apparatus came somewhat slowly into 
action, but that for pressures of Ij^ inches and upwards it is as near 
perfect as can be expected; the variation from the average not 
exceeding 1 per cent, on either side. 
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Experimeni 6. 

Bnmer used was a 6-foot household regulator burner with a 
regulating apparatus. 









PnEssDEBs nr Inchi 


KB. 






















ATerages. 




1 


1-5 


2 


2-5 


3 


3-5 


4 




A 


6-57 


6-60 


6-70 


6-57 


6-27 


6-17 


5-67 


6-36 


B 


6-57 


6-60 


6-65 


6'(58 


6-57 


6-30 


610 


6-49 





618 


6-61 


6-62 


6-78 


6-51 


6-55 


6-46 


6-52 


D 


6-16 


6-41 


6-62 


6-60 


6-80 


6-31 


5-80 


6-30 


E 


6-27 


6-51 


6-63 


6-71 


6-60 


6-51 


615 


6-48 


P 


6-26 


6-30 


6-55 


6-62 


6-37 


6-23 


5-80 


6-30 


Averages 


6*34 


6 '49 


6-63 


6-6i 


6-44 


6-34 


600 


6-41 



The vertical column averages show the greatest variation to be 
3 * 4 per cent The horizontal column averages show that at 1-inch 
pressure the burner passed 5-7 per cent., and at 2*5 inches of 
pressure 10 '7 per cent, more gas than they are marked to do. 

A number of other experiments were made, but they do not 
present new features, except the one which tested the burners to 
discover the pressures at which the regulators came into action. 
None of the regulators came fully into action at a pressure below 
six-tenths of an inch, and most of them at eight-tenths. The nett 
result of the experiments given is that regulator gas burners can be 
made which will not vary in their consumption of gas at pressures 
varying from 1 inch to 4 inches more than 1 ' 15 per cent, fast 
and 2-3 per cent slow of their average consumption. All that is 
necessary therefore is to get the regulator accurately set, and its 
limits of error are known. The Metropolis Gas Act, 1859, defines 
a meter as correct which does not register more than 2 per cent, 
fast and 3 per cent. slow. The gas-room tests given herein 
show that regulator gas burners can be made as correct as gas 
meters. 

The question now arises — Do regulator gas burners in use on 
public lamps, where exposed to all weathers, temperatures, and 
barometric pressures, give equal results to those found in the testing 
room ? The writer is honoured by Mr. Philip Monson, the gas 
superintendent for the parish of Kensington, placing at his 
disposal the results of the average meter system for eleven years. 
Each lamp has a regulator burner set to bum 4*5 cubic feet per 
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honr. The meters are read each month and the records have been 
carefully collected. More than 4000 lamps are in lighting on the 
meter system. The following table shows the average consumption 
per lamp per honr for each of the eleyen years. 



1877 


4-55 cubic feet 


per lamp 


per hour. 


1878 


.. 4-57 


»» 


H 


99 


1879 


4-60 


» 


n 


9» 


1880 


4-43 


n 


»♦ 


» 


1881 


4-46 


n 


M 


»» 


1882 


4-50 


i» 


» 


if 


1883 


4-48 


t» 


i> 


ft 


1884 


4-49 


w 


>9 


t> 


1885 


4-49 


99 


n 


ft 


1886 


4-52 


ft 


n 


M 


1887 


4-54 


>» 


ft 


>» 




11)49 '53 


» 


ft 


»9 


rage 


4-603 


H 


n 


n 



These results are a convincing proof that regulator gas burners 
may be relied upon in actual use. The writer has compiled the 
following table from Mr. Monsou's records^ showing the average 
consumption per lamp per hour for each month of the 11 years. 

cubic feet per lamp per hour. 



January .. 
February 
March .. 


4-88 
4-61 
4-45 


Ill 


4-53 
4-49 
4-61 


July 

August . . 
September 
October .. 


4-60 
4-63 
4-53 
4-49 


November 


4-50 


December 


4-39 




12)54 01 



Average. . 



4-501 



It will be noticed fiom this table that the lowest consumption 
occurs during those months when the hours of lighting are longest, 
and that this gives an advantage to the local authority if the 
average meter system is adopted. The following table, based on 
4300 hours' lighting per year, shows the amount of this error. 
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Month. 


nOQXV of UKbttOft* 


Cabe Feet per 
Hour. 


Total Cabe Feet 
per Lamp. 


January .. .« .. 
February . . . . 
March 

^t :: :: :: 

June 

July 

August 

September .. .. 

October 

November . . . . 
December . . . . 


48403 
897-75 
375-58 
803-90 
260-41 
224-52 
246-30 
294-01 
841-90 
414-67 
454-95 
501-98 


4-38 
4-51 
4-45 
4-53 
4-49 
4-61 
4-60 
4-53 
4-53 
4-49 
4-50 
4-39 


2120-0514 
1793-8525 
1671-8310 
1376-6670 
1169-2409 
1035-0372 
1132-9800 
1331-8653 
1548-8070 
1861-8683 
2047-2750 
2203-6922 


Totals, &o. .. 


4300' 00 


4-50 


19^2-6678 



If the ooneomption had been taken from the bnmeiB alone, it 
wonld have stood at 4300 x 4 '5 = 19,850 cubic feet per lamp per 
year, as against 19,292*6678 cubic feet given by the meters, or an 
error in favour of the gas company of 57*3 cubic feet per lamp per 
year. In London the price of gas to public lamps north of the 
Thames is 28. 2d. per 1000 cubic feet, so that the saving to the 
local authority for gas by the average meter system is IJ^. per 
lamp per year. 

Against this there is the cost of the average meter system. The 
following figures refer to a district containing 4000 lamps with a 
meter to every 20 lamps. 



Capital Exfenditubb. 
200 meters fixed complete ® £7 10«. each 



1500 



Annual Expenses. 

Interest, depreciatioD, and repairs on meters, 10 per cent on £1500 
Man's time reading meters : 12 weeks per year @ 25f. per week . . 



150 
15 



165 



This cost divided over 4000 lamps equals 9*9(2. per lamp per 
year which is incurred to save 1 '5(2. per lamp per year. 

The figures given refer to a district where the minimum parlia- 
mentary limits of presstfre are ten-tenths from sunset to midnight^ 
and six-tenths from midnight to sunrise. As a matter of fitct, 
however, the actual pressures are in excess of these limits. From 
the continuous recording pressure gauge in the testing room at 
Chelsea it is found that the pressure does not get below 1*2 inches 
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at any part of the day, and that from one hour before mmset to 
half an hoor after, the pressure rises to 3 inches and even more, 
and then gradnally fiEdls to 1*4 inches by midnight. Where 
pressures like these are given, the writer is of opinion that the 
ayerage meter system is an unnecessary check and expense. It 
may be that in small districts the pressures fall below those stated 
as the parliamentary limits, and in sach cases the regulator burners 
would not pass their full quantity. The remedy, however, is to 
make the gas company give a iMX>per pressure, and so save the 
expense of the meters. 



DISCUSSION. 

Mr. J. Lskon: I think we are very much indebted to 
Mr. Strachan for his very valuable paper ; but I must say that 
the conclusions he draws are not in accordance with my own 
experience. If you can get a gas-regulator perfectly made, as he 
says, then it will do very well indeed, but my experience is that 
there is no such thing as a perfect regulator. The best is only an 
approximation, and is only intended to be a check upon the con- 
sumption of gas when there is great pressure. The principle of 
the regulator, as you all know is, that when there is a great 
pressure of gas, it temporarily checks the supply, and so regulates 
the' supply to the burner. Such a regulator as that must only be 
an approximation to regulate the consumption of gas. As regards 
met^ it is quite true that the percentage of their correctness is 
two one way and three the other ; but you know you must have 
some kind of margin. You cannot expect that every person will 
have an absolutely correct meter, and therefore this small margin 
of 2 and 3 per cent, is allowed in testing meters, so as to provide 
against the irregularity which must occur in the working of every 
mechanical appliance. I take exception to the annual expenses — 
interest, depreciation, and repairs— 10 per cent, on 1500Z. I intro- 
duced the average meter system into my borough. Mr. Bennett 
is here, and perhaps he could give you bettor information on that 
subject than I can ; but it never at any time cost anything like 
10 per cent, for repairs to meters. I think that is an outside 
estimate altogether. Then, as regards men's time for reading the 
meters ; I used to employ one of the assistante in the office to go 
round with the man and check the meters, so that it was no extra 
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cost to the borotigh. If we had to stop the gas-testing to-monow, 
we shonld not redaoe the salaries. It is done by the staff in the 
office, and you must expect to do these things, for I consider it 
the duty of a Surveyor to do all that he can for the benefit 
of his borough. Therefore I think the item of 152., although it is 
only a small amount, ought to be struck out On the £bu^ of it, 
it looks rather absurd to spend 9'9d. per lamp, nearly lOd, per 
lamp, to save l^d. per lamp; but what I say is, that the gas 
regulator is unreliable, and that it is necessary to have a meter to 
get anything like a fahr record of the consumption of gas. The 
gas-meter is, as fieur as I know at present, the only reliable record, 
and the gas-regulator is not to be depended upon. 

Mr. Jos. Hall : Mr. Strachan raises the question of whether 
gas-regulators are reliable or not without a meter. My experience 
coincides with that of Mr. Lemon that they are not But, though 
I would never attempt to use them alone, a regulator is absolutely 
necessary as a check upon the men. The lamplighter puts the 
metered lamp as low as he possibly can, and all the others full on, 
because it is less trouble than to regulate each one. All that is 
necessary is to get the regulator correctly set, and its limit of error 
is known for two days ; but ia cold weather naphthaline deposits on 
the float, and you get it an appreciable degree heavier. Then with 
regard to the cost ; the capital expenditure of 1500Z. seems to me 
to be an excessive amount for the size of meters that are ordinarily 
used for street lamps. The depreciation, 10 per cent, is more than 
usual, and more than my experience works out As to reading the 
meters, we check them four times a year. I go round myself and 
read ofi* the whole of the 52 meters for 600 lamps and make up 
the account in an afternoon. I could not depend upon an ordinary 
workman to do this, and I do not think it would be desirable to 
do so. 

Mr. Thos. Farball : We have in our town the average meter 
system. We have 148 meters. They are the property of the 
Board, and I read them once a quarter, and it generally takes me 
about an hour and a half to do so. The meters have not cost us 
anything at all for repairs during the eight years that they have 
been in use. Whether it is the fault of the gas company I do not 
knowj but they are perfectly satisfied with the registration, and we 
get on comfortably with them. There is one extraordinary ^■>^ing 
with respect to governors I may name. We have one all-night 
lamp at the top of a street 400 or 500 yards long, and another at 
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ihe bottom of it. The gradient is something like 1 in 20, and 
therefore we should expect that the lamp at the top of the street 
wonld consnme more than the one at the bottom ; but it is qnite 
the reverse, as we generally find that the one at the bottom con- 
sumes from 15 to 20 per cent, more than the one at the top. 
That I daresay is accounted for by the governors not working 
qnite regularly. They are taken down and examined once a year, 
and I think we pay altogether for this about 127. We used to 
pay the gas company 22. lOa. for each lamp when we contracted 
with them for the lighting, and now the cost is about 11. 5$. per 
lamp. 

Mr. W. B. G. Bennett : I should like Mr. Strachan to tell us 
whether the lamps are all on one level, and, if not, can he give us 
the different levels? With respect to 10 per cent, for repairs and 
depreciation, I find, in the borough of Southampton, it is more like 
4 per cent. 

Mr. G. E. Eaghus : The point of comparison is, the expenditure 
for gas with and without a meter. The cost for checking con- 
sumption is 1652. on an expenditure of 8000Z. for 4000 lamps. 
That is equal to 2 per cent, on the expenditure. The way in 
which an engineer would look at this would be, that he would 
regard it as a small expenditure to check a large one. 

Mr. J. P. NoREiNGTON : In experiment No. 3 a five-foot regula- 
ting burner was used by Mr. Strachan ; and in experiments Nos. 4 
and 5 four-feet regulating burners were used. I should like to know 
whether five-foot regulator burners of the same kind as used in expe- 
riments Nos. 4 and 5 were tested, and what results were obtained. 
The statements before us leave it doubtful whether the irregularity 
of the results shown in some of the experiments might not have 
arisen from the differences in the sizes of the regulating burners 
that were tested. 

Mr. T. Gledhill : My experience has been that regulators are 
not to be depended upon. We have far more trouble with the 
regulators than with the meters. The gas inspector is continually 
going round, and finds fault with the regulators, more especially 
those on the metered lamps. He says the flame is fiir too small, 
and wants new regulators put on — I suppose, so as to increase the 
consumption of gas. My experience is, if we had not the meters, 
we should be more troubled than we are now, because the meter 
shows the actual consumption and is a check upon the inspector. 

Mr. E. Godfrey : Considerable difficulty arises, in the case quoted, 
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from the &ct of the joint partnership between the gas company 
and the local authority. I would suggest a plan by which that 
can be ayoided — the one adopted by Birmingham. There the 
local authorities find the met^ and the gas department maintain 
the regulators. If the gas department find the regulator bad they 
put up a new one. Thus, I think, should be the bargain made in 
every case, and then there would be a mutual check ; but if the 
metc^ and regulators both belong to the same body tiiere is sure 
to be some dissatisfiustion. I have about fifty-seyen meters in my 
district, and I wish I could check them in an afternoon. It takes 
two horses and a man a day to go round and check the regulators 
and the meters. 

Mr. T. DB CouHOY Meade: I carefdlly considered this subject 
four years ago. I then found that there were many districts in 
London in &TOur of the meter system, and many in fayour of 
the regulator system ; but on going info the question I found 
there were different kinds of regulators in use. Mr. Strachan 
has not given us a description of the regulators he used. Some, 
I know, do not last nearly so long as others without attention. 
Some of the old-fashioned ones, with leather diaphragms, used 
to last a fiEur average time in fine weather, but wet weather 
affected them. The new metal, or steatite, regulators last longer, 
but the naphthaline from the gas affects the metal, and also the 
steatite, though not to so great an extent There is a very simple 
check in the portable photometer. If you suspect that you are 
not getting the full quantity of light from the gas supplied to the 
public lamps, you can very easily test it in this way ; but, as a 
rule, I find that we get more gas than we pay for, and we save the 
cost of meters. I think the regulator system, as practised in some 
districts in London, is very satis&ctory. I would name, for 
example, Islington. St Pancras has the meter system, but any 
one driving through this district will find one street very weU 
lighted, whilst the next, perhaps, is in a state of semi-darkness. 

Mr. W. Wbaveb : I think Mr. Strachan is to be commended 
for the very careful experiments he has made with the lamps in 
Chelsea. Still, I think it would be somewhat premature to adopt 
his system of regulators to the lamps in preference to the meter 
system, until his experimente have been extended over a consider- 
able period. When we adopted the average meter system in 
Kensington, at the beginning of 1877, 1 know we had a good deal 
of difficulty with the gas company to get them to agree as to the 
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position of the meters, and to cut dovn the proportion of metred 
lamps ap low as possible. When we at lost succeeded in getting 
the system introduced into Kensington, I rather flattered myself 
that I had done a good thing for the parish ; and our next annual 
report showed a considerable saying compared with the preceding 
year. From our last year's report I find that we had 4200 lamps, 
and the average cost, including cleaning and all incidental expenses, 
was 2L 198. 5^. per lamp. This was considerably less than we 
used to pay the gas company previously for an inferior light. One 
great difficulty I see in practically carrying out Mr. Strachan's 
suggestion of depending solely on regulators attached to the 
burners, would be the difSksulty of getting accurately the hours 
the lamps were burning. In a large district, where ten or eleven 
gangs of lamplighters were started at irregular times — ^&om a fog 
coming on, or firom other causes — ^there would be great difficulty 
in getting a proper record of the hours the lamps were lighted. 
If they only got done out of half-an-hour for some 4000 lamps it 
would very soon amount to a decimal of a halfpenny. 

Mr. Hepwobth (Carlisle Grasworks) : I assure you I feel it a 
great pleasure to be here, but I did not expect that I should 
be called upon to speak on the question now before the meeting. 
I have listened to Mr. Strachan's paper with very great pleasure, 
and for the most part concur in the conclusions at which he has 
arrived. I think the series of experiments Mr. Strachan has 
made shows that you can get good regulators if you choose to do 
so. I have under my care between 1400 and 1500 lamps, 
and I have not found it necessary to adopt the average 
meter system; because the Corporation own both the gasworks 
and the lamps. I have made very careful experiments with 
regulators for the last fifteen or twenty years, and I thoroughly 
agree with Mr. Strachan, that there is no necessity to adopt the 
average meier system. Where you have a gas company who give 
irregular pressure and no regulators are employed, then the 
average meter system is a great advantage, and as tiie last speaker 
has pointed out, where you have to begin lighting at irregular hours, 
the average meter system becomes valuable. But if the hours of 
lighting are regular, and the pressure pretty uniform, you may 
depend on having as good results as Mr. Strachan has mentioned 
in his paper, firom the use of the regulator alone, as you can secure 
by the use of meters and regulators combined. This has passed 
the stage of experiment^ for there are gentlemen in this room who 
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haye used regulators of some kind for the last twenty years. 
Therefore I do not think it necessary to wait for farther experi- 
ments in corroboration of Mr. Strachan's conclusions, because we 
have had them during the last twenty year& 

Mr. Stbaohan : ^e first point to which I will reply is as to 
the cost of the average meter system. I do not think any person 
will qnarrel with my estimate of 7L 10«. for a meter fixed in a 
box. If 7Z. 10«. is a fiEur estimate for a meter, then 200 meters 
come to 1500Z. The item most quarrelled wit]i was that 150Z. 
I am willing to allow 20 years as the life of a gas meter, which I 
presume no one will say is inadequate. Depreciation we will put at 
5 per cent., and you cannot borrow money on the London market 
at less than Sj^ per cent. These two charges amount to 8^ per 
cent., and you cannot put the repairs at less than 1^1 per cent., 
making the total charges 10 per cent. Well, 10 per cent, on the 
1500Z. for meters is 1502. a year. 5 per cent for depreciation, 
8^ per cent, for interest, and 1^ per cent, for repairs would be, I 
contend, a fair aud proper estimate. Mr. Lemon said he did not 
pay for the time of his assistant who checked the meters ; but his 
services have to be paid for. You may not miss a meal, but it 
costs money for all that, and it is no answer to the argument to 
say we have it in the house, and it does not cost us anything. It 
does cost you something, although you may not feel it Therefore 
I say that my estimate of 9'9d. was a fjEdr and proper one. I am 
prepared to follow Mr. Lemon's opinion in many matters, but 
when I have eleven years' experience pointing altogether in a 
different direction, I hope you will not consider I am showing any 
disrespect for his opinion, when I decline to follow it in this 
matter. At Kensington the average meter system has given good 
results. During the eleven years they have been used, they have 
burned on the average in each lamp 4*503 cubic feet, with the 
regulator burners set at 4 * 5, and that is as near as one can come 
to in this world. If then eleven years' experience shows that 
regulator gas burners are as accurate as meters, of what use are 
the meters? That has not been answered, and no amount of 
opinion will affect that question. Mr. Weaver, my friend aud 
neighbour, says, " How many years' experience have you had of 
this system ? " I have never used any other system in Chelsea, 
and have depended entirely on the regulator burners. Mr. Weaver 
says, " What do you do in case of fog, when you have to light up 
earlier ? " Well, we leave the gas company to find out that the 
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lamps are lit up. When they do find it ont, we have a very 
simple way of settling the matter, and it is very easily done. We 
have a Ughting inspector^ and he. meets the lamplighters at a 
particular point, at a certain hour every night, which varies as the 
period of tiie year varies. He starts the men to their respective 
districts, and they have to report themselves back to him at a 
certain time. We know the lamps are lighted, because if each 
man does not report himself within the prescribed time, he gets 
into troubla If the men start earlier on these rounds, we simply 
report the fact to the gas company that the men started so much 
earlier. I think we save the cost of the average meter system, and 
get more gas. Mr. Eachus says that it is worth while to incui' a 
small expenditure to check a larger ona Experience shows that 
regulator burners do this as correctly as meters, and therefore 
you ought to have as much confidence in burners. As to having 
used 4, 5, and 6-feet regulator burners for the different experi- 
ments, it was just by accident that the maker had no more four-feet 
burners in stock. It does not vary with the cubic feet per hour, 
that does not affect it at all. 
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WATER SUPPLY. 

By W. SANTO crimp, Asboo. M. Inst. O.E., F.G.S. 

Of all the dntiea of the Town Surveyor, that of providing the 
community with a sufficient supply of pure water, is, probably, the 
most important, since health, happiness, and life itself depend to a 
great extent on the purity of the public water supply. 

Pure water is an absolute necessity for the domestic uses of 
mankind ; where persons congregate together in large towns, the 
problem of its supply is frequently one difficult of solution. 

The quantity necessary for the various uses of the community is 
the first aspect of the question, and here we cannot do better than 
examine the returns affecting this great Metropolis, since the 
users of water in so large a community are of such varied character, 
that we may deduce therefrom a very fair average. 

During the seven years 1880-7,* the average volume of water 
supplied per head per day in London was 31*32 gallons; the 
maximum rate of supply was 34*53 gallons, and the minimnm 
28 * 12 gallons. The maximum rate of supply is in the months of 
July and August, whilst the minimum is during December, January, 
February, and March. It will be observed that the mean rate of 
supply is exceeded by 10 per cent. — very nearly — during the 
summer, whilst in winter the consumption is about 10 per cent, 
below the mean ; to be accurate, the range between the minimum 
and maximum is as nearly as possible 22 per cent. 

We may next consider the purposes for which water is needed ; 
and here it should be mentioned, that whilst an ample supply should 
be furnished, waste should be strenuously guarded against, since 
waste of water is waste of money, and indeed, during periods of 
prolonged drought, serious inconvenience, if not actual disaster, 
may result from a want of care in husbanding the stores of water 
avsdlable for the use of man. Means of detecting waste will be 
considered later, but the following table will show what has already 

* Annual Reports of the Local Government Board. 
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been done by the adoption of the very excellent system devised by 
Mr. Deacon : — 

Table op Wateb Supply to Towns. 



Town. 



Dally Supply before 
Waste was stopped, 
ia Gallons per Head. 



Present Supply in 
Gallons per Head. 



Atherton 

AbergaYenny 

Bath 

Birkenhead 

Boltoa 

Bradford 

Garltflle 

Gbekea Water Company 

Chorley 

Chester 

Clevedon 

Exeter 

East London Water Company .. .. 

Gloucester • 

Glasgow 

Hereford 

Hertford 

Lambeth Water Company 

Lancaster 

Liverpool 

New Biver Water Company 

Norwich .. 

Portsmouth 

Southampton 

Sonthwark and YauzhaU Water Com- 
pany 

Stamford .. • 

Salisbury , 



no record 
42*0 
S6- 
24- 



42- 

40- 
not known 

81 

40-0 

60-0 

26-5 

820 

61-3 

630 

88*5 
intermittent 

350 
intermittent 

51-8 

83-5 
constant 

26-4 

40- 

85-0 

60- 

880 
intermittent 

240 

50-0 



11-4 

17-2 

120 

17-7 

14*8 

14 3 

240 

16- 
7- 

13 

20- 

25- 

16" 

170 

40-8 

24- 

17-5 
constant 

24*8 
constant 

84-8 

170 
exclusive of trade 

140 

150 

18-3 

39-5 

22*2 
constant 

180 

31-6 



38-6 



20 13 



Haying deduced &om the table the &^t, that with good fittings 
the average water supply of a large number of towns is at the rate 
of 20 gallons per head per day — omitting the fraction — we may 
inqnire into the uses to which the water is applied. 

In Parkes' ^ Practical Hygiene/ 1883, the following is the estimate 
of the amount of water used per diem by a man of the ** middle 
class'* : — 

Cooking purposes '75 gallons. 

Fluids as drink . . '33,, 

Ablution, Including sponge-bath .. 5*00 „ 

Utensil- and house-cleaning 3*00 „ 

Laundry 3*00 „ 

Total 1208 gallons. 



Domestic 
purposes. 
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Water- The qtiantity of water used in water-closets depends on the 

closets. frequency with which they are used, and on the kind of fittings. 
It may, however, be taken that 5 gallons per head per day will be 
suflBicient for this purpose. 

Dr. de Ghaumont states, in the work referred to, that 25 gallons 
per head should be allowed daily for all domestic purposes, one 
reason being that the '^ waste," estimated at 3 gallons per head 
per day, would assist in keeping the sewers clean. 
Animals Horses and cows require about 6 gallons per head per day ; and 
and trade, g gaUons per head per day are said to be necessary for trade and 
public purposes ; but in the case of manufactories using exceptional 
amounts of water, the quantity required must be estimated for 
separately. Hospitals also require larger amounts than the normal 
rate of supply. In London 18 per cent, of the 1879 rate of 32-7 
gallons per head per day was allowed for trade purposes ; this is 
at the rate of 6 gallons per head per diem, very nearly. 

The table shows, however, that the proportion of waste is much 

higher than had been anticipated ; and in towns of the ordinary 

class, 14 gallons only are used by each person daily, and allowing 

6 gallons for trade purposes, the total is 20 gallons per head per 

day. 

Monthly The Consumption of water is not, as before pointed out, constant 

Son not*" inonih by month. In the summer there is an increased demand on 

regular, the mains for water for laying the dust on the streets, and for 

sewer-flushing and other purposes. 

Daily Then the water is not drawn from the mains at a regular rate 

©rmdns. ttroiigliotit the whole 24 hours ; during some of the night hours 

very little water is required, whilst in the forenoon water is being 

constantly drawn for domestic and other purposes, and according 

to Dr. Pole,* the consumption then rises to double the mean daily 

supply. 

Mains. In laying down mains, therefore, not only must increase of 

population be provided for, but the main must be sufficient in size 

to admit of the maximum daily demand being satisfied. Disastrous 

results might follow on the breaking out of a fire during the hours 

of maximum draught, should the pressure not be maintained. . 

Ceipacity If the mean yearly consumption be 20 gallons per head, 10 per 

' cent must be added for the summer requirements, making 22 

gallons per head ; then that volume will be doubled during the 

hours of greatest consuiaption, hence the main must be capable of 

♦ Pole on Water Supply, Inst C.E., 1884-5. 
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deliyering 44 gallons per head^ if the generally approved system 
of " constant supply " be adopted. Provision for increase of popu- 
lation must also be made, as may be necessary. 

The chief objections urged against the supply of water being ObjectionH 
'* intermittent,'* are that the cisterns and other receptacles which ^ittent' 
are necessary for storing a day*s supply, often become foul by supply. 
reason of their position in the roof, under floors, or elsewhere, where 
they are difficult of access. Dr. Letheby stated, in giving evidence 
before the Bivers Pollution Commissioners,* that the water drawn 
direct from the mains would be cooler and less liable to pollution, 
since the ''receptacles of the poorer people were often close to 
privies, dirty cellars, &c." 

The chief objections to a constant supply were — ^in the Beport Objections 
referred to— (1) the leakage from fittings; (2) insufficiency of*^*''^"^^^ 
strength ; (3) the greater consumption during the forenoon, render- 
ing larger mains a necessity, and larger pumps, where a service 
reservoir was not employed ; (4) the greater draught in the fore< 
noon reducing the pressure in the mains at the higher levels ; (5) 
an accident to, or repair of, a main, cutting off the house supply 
altogether^ there being no house cisterns to keep up the supply. 

The commissionerB considered that a sufficient answer to these 
anticipated difficulties existed in the tad that at that date 72 towns 
had adopted the constant-supply system. Indeed, the better kind Good 
of fittings used with constant supplies had led to a great saving of f^^^^e^ 
water. The average supply per house per day of the 72 tabulated Ibie!^***^' 
towns t was 134*4 gallons, or about 24*4 gallons per head, whilst 
in the case of 24 towns ^including London— supplied inter- 
mittently, 204 gallons were supplied to each house per day, or 
about 37 gallons per head. 

We may now briefly consider the general sources of water Sources of 
supply. The primary source is ram, but it is collected for use in *"PP^y* 
a variety of waya 

1. From roofs and paved surfaces, rain is collected and stored in Roofs and 
butts, cisterns, tanks, &c. This system is frequently adopted in ^^^ 
villages, and in isolated buildings of various kinds where a supply 
from mains is not procurable. The water should be filtered, in 
order to remove the filth deposited on the collecting areas by birds 
and by the atmosphera The author has seen cases on the chalk 
hills, where areas quite close to the ground have been slated, in 
order to provide a large collecting surfiace. The water thus pro- 

• Sixth Report, p. 228, 1874. t Il>i<i*> p. 232. 1874. 

2 A 

Digitized by VjOOQ IC 



854 WATEB SUPPLY. 

vided is quite soft, and may dissolye metallic impnritieB from its 
storage tank, should it be constrncted of lead. 
Rain-water It may be mentioned, incidentally, that if the proyision of large 
tanks. rain-water cisterns were insisted upon in the case of town houses, 
the troubles of dealing with heavy rainfjEtUs might be much lessened. 
The soft water collected would be of much service for domestic 
uses, whilst the cisterns wonld act as regulators of the storm water. 
Gathering 2. When the rain fieJling on impervious surfaces is collected in 
ground and storage reservoirs, the area on which it falls is termed a ^* gathering 
reBervoirs. gTOund." A great number of examples may be found in nearly 
every country ; our Welsh hills, and the elevated portions of the 
North of England and of Scotland, are exceptionally well suited for 
this mode of procuring water supplies, the rainfall being high, 
the strata over very large areas being impermeable — or nearly so — 
and sources of contamination, other than vegetable, being nearly 
Discoiora- absent. The water yielded by these gathering grounds is, however, 
water^"^^ frequently of a peaty colour, owing to the colouring matters in the 
dead plants being dissolved out, just as ordinary water may be dis- 
coloured by placmg in it a wisp of hay. The rains following 
prolonged droughts are specially affected, and means are sometimes 
adopted for the separation of highly cobured streams from the 
general supply. The vegetable organic matter is lessened by 
exposure to ahnospheric oxidation in lakes and reservoirs, and the 
larger these are, therefore, in proportion to the water drawn from 
them, the purer will the water become. 
Action of It has sometimes occurred that the soft waters collected in lakes 
on^i<^**' and reservoirs possess the property of dissolving lead from the 
seryicea. services by which it is taken from the mains into the houses. 
Loch Katrine water is especially active in this respect. The 
question was very fully examined by the Eivers Pollution Com- 
missioners,* and they arrived at the conclusion that in order to 
secure immunity from attacks upon lead, it is necessary that these 
soft waters should contain a certain proportion of phosphate of lime. 
It is also stated in the Report that new untarnished lead pipes are 
acted upon much more violently than those which have been in 
use for some time, a protecting film soon being deposited upon 
those surfaces in contact with the water. 

Pipes lined with tin in such a manner that the tin does not 
form an alloy with the lead, but remains pure, are not affected by 
the attacks of soft water. 

* Sixth Report, 187i, p. 224. 
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In the case of shallow well waters, the action upon lead and galya- Action of 
nised iron is in some instances of a oontinnotis and violent kind, ^^n ^ter 
Such a case was that of the Oakfield well at Wimbledon, mentioned ^^^n lead 
in the Beport referred to. An analysis of the water ediowed it to ^^^^^* 
be deficient in carbonic acid, and wholly free from phosphates. 

To return to the '' gathering gromid " ; the water fiedling as rain 
soon forms little streams, these unite as their courses tend to the 
lower levels, until low down the valley, their aggregation is seen 
in the roaring torrent, or the placidly flowing river. 

At what point in the valley should the water be intercepted ? 
If there is a natural lake of sufficient size, its waters may be 
abstracted, or its area may be added to by means of an embankment 
or wall, should that course be necessary. If no lake exists, a 
natural one must be formed by means of a wall or an embankment, impound- 
but in selecting the point for its construction an accurate knowledge ^^s ^ser- 
of the geological strata of the immediate locality must be ascertained. 
If the strata are of a rooky nature, with fissures, it may be necessary 
to carry the retaining medium to a very considerable depth, in Embank- 
order to prevent the escape of the water, and the possible destruo- '^^' 
tion of the embankment. The bottom of the reservoir must also 
be made vratertight so far as is practicable, and very great care 
must be taken in the design of the outlet arrangements. In short, 
as the most disastrous results to life and property might follow the 
fidlure of a reservoir dam— as at Sheffield in 1864 — it is impossible 
to exercise too much care in all the details afiecting its design and 
construction. 

Possibly the greatest difficulty in connection with proposed water- 
works of the kinds under discussion is that of asc^taining the 
volume of veater that will be yielded by a given gathering ground, 
or watershed. If the surface is largely composed of steep, rocky 
impervious formations, the water will be rapidly delivered into the 
valleys, with the retention by the surfaces of a comparatively small 
quantity. Should the area, on the other hand, be of a flat character, 
with much vegetation, large quantities of water will be retained by 
the plants, particularly in the case of thick deposits of peat, the 
wat^ remaining in the pores of which, and on the various surfaces, 
evaporates on the cessation of the wet weather. Some of the water 
might also be lost by percolation, should porous strata be present ; 
in the case of great chalk formations it is rarely that any water 
flows off the surface. 

Dr. Dalton, who has given many years of study to the question 
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of the volumes of water ayailable for water-supply proportionately 
to the rainiall of this country, states that the amount is about one- 
third of the total rainfall. At Loch Eatrme in 1854,* the rainfidl 
for the year was 103 inches, four-fifths of which were discharged 
by the loch, one-fifth being lost by evaporation, percolation, and 
absorption. 

It will, however, be much more correct to assume that the losses 
through the various causes will be certain in amount yearly, than 
to calculate that it will be proportional to the rainfall. Dr. Polef 
estimated that the losses would vary from 12 to 18 inches in depth 
per annum, accordingly as the gathering ground might be of steep 
impermeable rock, or of fiatter permeable formations. 

In calculating the size necessary for a storage reservoir, the mean 
annual rainfall of the district in which it is to be situated must be 
ascertained, and as the yearly fluctuations of the rainfall are very 
considerable, provision must be made for impounding a supply 
sufficient for the wants of the community during periods of 
drought. 
Rainfall. Mr. Symonds]: has been able to deduce the following rules firom 
an extended study of the rainfall of this country : — 

(1) The wettest year will have a rainfall nearly half as much 
again as the mean. 

(2) The driest year will have one-third less than the mean. 

(3) The driest two consecutive years will each have one-quarter 
less than the mean. 

(4) The driest three consecutive years will each have one-fifUi 
less than the mean. 

(5) At wet stations the extremes of both wetness and of dryness 
are less marked than at dry ones. 

storage. Dr. Pole § stated that in the judgment of experienced practitioners, 
150 days' storage should be provided in wet districts and 200 days 
in dry. In very wet districts the storage to be provided might 
be less. 
Compensa- As the stream to be impounded probably supplies power to mills 
X . _ Yq^qj^ down the valley, compensation water must be provided 
to take the place of that to be abstracted. The reservoir is there- 
fore made sufficiently large to store the flood water^ and this is 
liberated by means of suitable appliances so as to equalise the flow 

• Evans on Physiography, Inst O.E., 1884-5. 
t Pole on Water Supply, Inst. C.B., 1884-5. 
' Symonds' * British Rainfall,' 1883, p. 82. 
Pole on Water Supply, Inst. C.E., 1884-5. 
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of the stream. In manu&ctaring districts^ one-third of the total 
quantity imponnded is assumed to be necessary as compensation 
water ; that is, 50 per cent, must be added to the town supply in 
calculating the size of the storage reservoir. 

3. In some cases, notably in that of the London water supply, River 
water is taken direct from a river, and, after bemg suitably treated, "Applies. 
is pumped into reservoirs and mains for supply to the people. 

Objections have been frequently urged to the abstraction of raw 
river water for domestic supplies, in consequence of the fouling of 
the streams by sewage and by other matters. The surveyor, 
therefore, in examining into such a source of supply, should 
ascertain whether or not the stream is hable to pollution. As 
diphtheria and typhoid fever are most readily communicated by 
means of water, every endeavour should be made to obtain a supply 
free from suspicion. 

Five of the great London water-supply companies take their 
supplies direct from the Thames, and, with the great improvements 
in tiie construction of filters during recent years, experience shows 
that such water may be rendered wholesome and fit for domestic 
purposes. Wimbledon is suppUed by two of the companies, and 
for years the death-rate has averaged about 12 per 1000 ; there 
being no wide fluctuations such as are indicative of defective 
sanitary conditions. 

Biver waters are frequently rendered turbid by floods, and, if 
possible, provision should be made for storing sufiScient water 
to preclude the necessity of taking the river water when thus 
fouled. 

The great filters of the London water companies are built up in Filtering 
the following manner :— ^J^^ 

Goane gravel, with drain-pipea at intervals . . 1 foot 

Medium gravel 1 » 

Fine gravel 1 f» 

Fine sand 1*25 to 2 feet. 

The top layer— fine sand — is alone capable of arresting micro- 
organisms. The rate of filtration, to be effective,* should not 
exceed 2i gallons per square foot of filter per hour, or 540 gallons 
per square yard per twenty-four hours. Subsidence of the suspended 
matters i? desirable before the water is admitted to the filters, in 
order to prevent the pores of the filters being choked. The filters 
must be kept in a cleanly condition, the top inch or so of sand 

♦ Fifteenth Annnal Report, L.G.B., 1885-6. 
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being periodically remoyed and replaced by dean sand. Dr. E. 
Frankland has shown by his biological experiments during 1886,* 
that the average reduction in the micro-organisms present in the 
nnfiltered Thames and Lea waters, before delivery to the consumer, 
amonnted to 97 * 6 and 96 * 5 per cent, respectively. 

As the London water supply for the year 1886 averaged 30 '47 
gallons per head per day, each square foot of filter served for the 
filtration of the water required for two persons, or one acre would 
be necessary for 87,000 persons ; as, however, portions of the 
filtering area are always undergoing cleaning operations, the area 
of filter actually provided is necessarily in excess of the estimated 
amount. 
WeU 4. When water has to be drawn fix)m wells sunk in porous 

water. strata, the problem of the quantity available becomes one difficult 
of solution. Then, such water, in its passage to the pumping 
station, may pass under towns, or other sources of pollution, and 
thus become contaminated by means of leaky sewers, or of cesspools, 
or otherwise. 
Hydro- During late years much information has been gained with 

f^lovi*^ regard to the movements of underground waters. The author 
was for a considerable period engaged in this question, during the 
years 1879-1883. The watershed particularly examined was 
that of the Wandle. All the wells in the area were found, and 
their mouths were reduced to Ordnance Datum ; then at intervalB 
of about a month, the depth to the surface of the water in every 
well was measured within a period of a few days, so that the exact 
position of the water-line, or surface of the underground water, was 
known at certain dates ; by carefully examining the gradients found 
to exist, it was found possible to ascertain the direction in which 
the water was moving, although its sur£BK;e was, in places, hundreds 
of feet below that of tiie ground. 

When, therefore, a supply from deep wells is contemplated, such 
a survey should be made, for not only will the surveyor be enabled 
to predict the quantity that will be available, but he will also be 
enabled to ascertain whether or not the supply is liable to con- 
tamination. Of course, when porous formations are overlaid by 
considerable thicknesses of impermeable ones, the question is one 
that must be examined by the light of geological knowledge. 
When wells are sunk and pumping is resorted to, the sur&oe of 
mgf^"^ the water in the well will be lowered proportionately to the 

* Sixteenth Annual Report, L.G.B., 1886-7. 
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pumping power employed and to the amonni of ihe sapply. If 
wells in the immediate neighbonrhood be observed^ it will be fomid 
that the snr&oe of the water in them will be lowered with that of 
the main well, should the wells be sxmk in the same pervioas 
formations. It will also be fonnd that the surface gradient of the 
water within the area affected will slope in all directions towards 
the main well, and it may be proved by means of the lithia test 
that even if the main well be Ihied with watertight iron cylinders 
to a considerable depth, the snrfiEu^ water will flow towajxbs and 
into the well. The depression produced by pnmping is termed the 
" cone of depression/' and it should be a sine qua non of a water- 
supply works that there should be no sources of pollution within 
the area of the " cone of depression." 

It must be remembered that water procured from wells is simply Hard 
that portion of the rainfall which passes downwards through porous '^**®^' 
strata, and is stored in the crevices and pores of the various forma- 
tions suitable for its reception. When the strata passed through 
by the water are of limestone, a portion is dissolved, and waters 
derived from these formations are said to be hard, that is, they 
contain various salts in solution, in consequence of which they 
have a harsh feeling when used for personal ablution, and much 
soap is destroyed in artificially softening them. 

The hardness of water is expressed in degrees,* and 1 lb. of 
carbonate of lime, or its equivalent of other hardening salts, in 
100,000 lb. or 10,000 gallons of water is equal to 1 degree of 
hardneeSy and 12 lb. of best hard soap would be destroyed in 
10,000 gallons of water, when used for washing, by each pound 
of hardening salt. 

Water is said to be ^' temporarily " hard, or '' permanently" hard, 
accordingly as the water may contain the bicarbonates of lime 
and magnesia, or the sulphat^ of the same minerals. The term 
^' temporary " hardness is used because the water so hardened may 
be softened by boiling, the salts being decomposed into free car- 
bonic acid and the carbonates of lime and magnesia, which latter 
are sparingly soluble. When water cannot be softened in this 
way — as when hardened by the sulphates of lime or magnesia — ^it 
is said to be '^ permanently " hard. 

The following formations yield waters which are, as a rule, either 
hard or soft, as tabulated : t — 

• Sixth Beport, R.P.C., 1874. f Ibid. 
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SofT Watkb. 



iLeu 

Cambrian. 
8iinrian (non-oaloareous). 
Devonian (non^saloaroouB). 
MilUtone grit. 

Coal measiureB (non-calcareons). 
Lower greensand. 
London and Oxford olaj. 
Bagshot beds. 
Gravels (non-oa]oareonB> 



Habd Water. 

Silurian (caloareoua). 

Devonian (calcareous). 

Mountain limestone. 

Coal measure (caloareoos). 

New red sandstone. 

Conglomerate sandstone. 

Lias. 

OoUtes. 

Upper greensand. 



When the lain falling upon limestone snr&oes does not penetrate 
the rock, but is discharged into streams and reservoirs^ it differs 
but little in composition from that yielded by non-calcareous snr- 
faces; but when the formation is uniformly porous, the water, 
passing deep down through the mass of the rock, becomes loaded 
with mineral matters and hardened, hence the nature of deep- well 
waters procured from the chalk, oolitic, new red, and other forma- 
tions. In passing slowly downwards, the organic matters derived 
from vegetation become oxidised and changed into harmless mineral 
compounds, leaving the water very palatable and wholesome, ex- 
cepting when unduly charged with saline matter. 
Sofuuiug All hard waters may be softened by distillation, as the salts will 
water by j^^y^ p^gg ^y^j. ^^^^ fj^Q vapour ; but wator so softened has a flat, 
tion. ' unpalatable taste, owing principally to the absence of carbonic acid 
gas, and to the presence of volatile organic matter. The remedy 
is to filter the distilled water through animal charcoal, but the 
process is a costly one, and is principally employed on ships, where 
the storage tanks, necessary for supplies of fresh watiar required 
during long passages, are inadmissible ; in such cases sea-water is 
frequently distilled, and converted into potable water. 
Softening The fact that hard water may be softened by means of soap has 
water by already been mentioned. Soda is another substance frequently 
■oap and uscd for this purposo, and it is both cheaper and more powerfril 
Bod<^< in its action than soap. One lb. of soda is equal in effect to 
4^ lb. of best soap, whilst its price is about one-fourth that of 
soap ; hence soda is extensively used in laundries. 
Softening Water is commonly softened by boiling, and the separation of 
boiHn/^ the hardening salts may be effected by constant ebullition for half 
an hour. The salts which are present as bicarbonates are decom- 
posed into insoluble, or sparingly soluble, carbonates of lime, 
magnesia, or iron ; carbonic acid gas being expelled by the process 
of boiling. Water so softened is frequently muddy, in consequence 



boiling. 
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of the dissolved solids becoming changed into visible suspended 
matters. In order to raise the temperatnre of 1000 gallons of 
water to the boiling-point and to maintain it in that condition for 
half an hour, 2J^ cwt. of coal would be required. This method of 
softening water is therefore an expensive one. 

The excellent process of softening water by means of lime, as Softening 
devised by Dr. Clark, is the cheapest yet known, and is in extensive ^^^^ ^^ 
operation at many waterworks situated on the great limestone "dark" 
formations. The process, however, is only applicable to those ^^°*'^**'* 
waters which owe their hardness to the carbonates of lime and 
magnesia; that is, to waters which are said to be temporarily hard. 
The chemical action is a simple one, the chalk or other hardening 
salt exists in water as bi-carbonate, which is soluble ; lime is added to 
the water to be softened, and combining with a portion of the free car- 
bonic acid, forms carbonate of lime ; the bi-carbonate present in the 
water is decomposed — into carbonate also — ^by the withdrawal of a 
portion of the carbonic acid, and the water so toeated becomes turbid 
from the production of nearly insoluble salts ; settling tanks are pro- 
vided in which the suspended solids may subside, and the softened 
water, as then distributed for use, contains about 4 degrees of 
''hardness'' only. Mechanical filters, as in the '^ Porter-Clark" 
process, have more recently been introduced for the purpose of 
separating the suspended soUds produced, thus rendering unneces- 
sary the settling tanks at first used. Chalk water with 17^ degrees 
of hardness would contain 1 lb. of chalk in 400 gallons ; in order 
to precipitate the chalk, 9 ounces of lime, dissolved in 40 gallons 
of water, would be necessary ; the lime would combine with the free 
carbonic acid to produce 1 lb. of chalk also, and the precipitate 
would be 2 lb. of chalk, assuming the chemical action to be 
complete. 

According to the Sixth Beport before referred to : — 

£ t. d. 

1 owt. of lime, costing 8 

4} cwt. of soda 2 17 9 

20i cwt. of soap 47 1 8 

would each produce the same softening effect on water "temporarily" 
hard; obviously, therefore, it is to the great benefit of the com- 
munity that such waters should be softened by means of lime at 
the works. 

.5. Occasionally water-supplies are procured by intercepting Springi. 
springs, thrown out at the junction of impermeable formations 
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Artesian 
wells. 



Internal 
distribu' 
tion. 



with those of a poxons natoie. In Buoh cases the geology of the 
district must be carefnlly stndiedy in order to ascertain where the 
water is derived from, and whether or not an e£Scient supply can 
be depended npon daring periods of drought. The volume yielded 
to the streams should be ascertained by means of careful gaugings, 
extending over dry periods^ when the springs are at the Tninimum, 

6. In many localities, and especially in the Thames and Wandle 
valleys^ watw is procured in moderate quantities by means of 
borings carried through the London clay, and Woolwich and 
Beading beds, into the porous Thanet sands or into the chalL At 
Wimbledon the water so procured rises to a height of about 56 feet 
above 0. D., so that a large number of wells, which have been 
bored in parts of the locality lying at the lower level, overflow 
constantly, on the impervious strata overlying the water-bearing 
formations bemg pierced. It is highly probable that the water 
derived from these borings passes under the clays in its northward 
course from the Surrey hills, in the chalk of wBch it is stored at 
levels of 100 feet and upwards above 0. D. 

The question of internal distribution is one which need not be 
considered at very great length. The sizes of the various sub- 
sidiary mains will be regulated by the probable demand. In the 
author's district, the smallest branch mains used are 8 inches in 
diameter, that size being sufficient for the greatest demand likely to 
arise in the case of a fire breaking out in a side street. The mains 
should be jointed with lead only, if turned and bored joints are not 
used ; the use of tow or gaskin has led to the pollution of the water 
supply ; this was notably the case in the main laid by the South- 
wark and Yauxhall Water Company in 1869, and referred to in 
the Sixth Beport of the Bivers Pollution Ck)mmission. 

The mains must be furnished with the necessary valves, hydrants, 
and means for washing out 
Pumping. Pumping machinery should be provided in duplicate, in order 
to provide for a possible breakdown, should it be necessary to pump 
the required water. 

The service reservoir is a necessary adjunct of a water supply 
scheme, in order to regulate the fluctuations of the demand, and to 
contain a store for sudden emergencies, such as the bursting of the 
supply-mam from the pumping station or some distant storage 
reservoir, or the breaking out of a great flre. Such reservoirs 
should contain one to one and a half day's supply,* and should be 
* Pole on Water Supply. 



Service 
reserroirs. 
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covered in order to exdnde filth, and to diminish the risks of 
pollution. In hilly districts, and in those towns with large popu- 
lations, two or more service reservoirs may be necessary and even 
desirabla 

The prevention of waste is an important matter, and may be Preyention 
readily accomplished by the excellent method devised by Mr. ®^ ^*'*®- 
Deacon. Briefly, the plan consists in dividing the area supplied 
into a number of small districts, the water-supply to each of which 
is made to pass through one of Deacon's self-recording meters, on 
the diagrams of which the amount of water passing is fidthfully- 
recorded hour by hour. The period from about midnight to 5 a.m. 
is that in which waste may be detected, since the demand on the 
mains for domestic purposes is then at a minimum. The localisa- 
tion of leakage, from either branch mains, or from domestic fittings, 
is a matter of detail, necessitating night inspections, and isolation 
of houses and of branch mains. In a report by Mr. Binnie, 
M. Inst G.E., on the Bradford water-supply, it is stated that in a 
district containing 81,038 persons and 40,463 taps, the consump- 
tion of water bad been reduced from 22*47 gallons to 14*35 
gallons per head, merely by suppressing waste. 

When water is provided for tiie community and distributed on Hoase 
the constant supply system, it is of great importance that each house ^^^°s>- 
should be provided with fittings of the best quality and type, and 
also that these should be arranged so as to prevent contaiidnation 
of the main supply. The regulations made under the Metropolis 
Water Act, 1871, with regard to the prevention of waste and 
misuse of water, are so valuable from a sanitary point of view, that 
the author hopes their inclusion with this paper may be of service 
to members of the Association. 
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APPENDIX. 



Place of 
communl- 



Befffdations made under the Metropolis Water Act, 1871. 

1. No " communication pipe * for the conveyance of water from the water- 
works of the company into any premises shall hereafter be laid until after the 



*^*^* point or place into which such ^'communication pipe" is proposed to be 
brought into such premises shall have had the approval of the company. 

2. No lead pipe shall hereafter be laid or fixed in or about any premises for 
the conveyance of or in connection with the water supplied by the company 
(except when and as otherwise authorised by these regulations, or by the 
company), unless the same shall be of equal thickness throughout, and of at 
least the weight followinsr, that is to say : — 



Weight of 
lead pipes. 



Interoal Diameter of Pipe in Inches, 
^inch diameter. 



r 






Weltfit of Pipe In lb. per Uim.1 Yard. 

5 lb. per lineal yard. 

6 II n 

71 „ 

® »» n 

12 „ „ 

1^ >» f» 



Interior 
pipes. 



Not more 
than one 
communi- 
cation pipe 
to each 
house. 
Every 
house, with 
certain 
exceptions, 
to have its 
own com- 
munication 
pipe. 

No house 

to have 

connection 

with 

fittings of 

adjoining 

house. 



d. Every pipe hereafter laid or fixed in the interior of any dwelling-house 
for the conveyance of, or in connection with, the water of the company, must, 
unless with the consent of the company, if in contact with the ground, be of 
lead, but may otherwise be of lead, copper, or wrought iron, at the option of 
the consumer. 

4. No house shall, unless with the permission of the company in writing, 
be hereafter fitted with more than one " communication pipe." 



6. Every house supplied with water by the company (except in cases of 
stand pipes) shall have its own separate ** communication pipe." Provided 
that, as far as is consistent with the special acts of the company, in the case of 
a group or block of houses, the water-rates of which are paid by one owner, 
the said owner may, at his option, have one sufficient *' communication pipe** 
for such group or block. 

6. No house supplied with water by the company shall have any connection 
with the pipes or other fittings of any other premises, except in the case of 
groups or blocks of houses referred to in the preceding regulation. 
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7. The connection of every "communication pipe " with any pipe of the Conneotion 
company shall hereafter he made by means of a sound and suitable brass ^^ ^^J 
screwed ferrule or stop-cock with union, and such ferrule or stop-oock shall be stop-cock, 
so made as to have a clear area of waterway equal to that of a half-inch pipe. 

The connection of every " communication pipe *' with the pipes of the com- 
pany shall be made by the company's workmen, and the company shall be 
paid in advance the reasonable costs and charges of and incident to the making 
of such connection. 

8. Every " communication pipe ** and every pipe external to the house and Material 
through the external walls thereof, hereafter respectively laid or fixed, m ^^ joints 
connection with the water of the company, shall be of lead, and every joint pipe^.*™* 
thereof shall be of the kind called a " plumbing " or wiped joint. 

9. No pipe shall be used for the conveyance of, or in connection with^ No pipe to 
water supplied by the company, which is laid or fixed through, in, or into any ^ ^"i^ 
drain, ashpit, sink, or manure hole, or through, in, or into any place where the ^n^^ j^c. 
water conveyed through such pipe may be liable to become fouled, except 

where such drain, ashpit, sink, or manure hole, or other such place, shall be 
in the unavoidable course of such pipe,- and then in every case such pipe shall 
be passed through an exterior cast-iron pipe or jacket of sufficient length and 
strength, and of such construction as to afibrd due protection to the water 
pipe. 

10. Every pipe hereafter laid for the conveyance of, or in connection with. Depth of 
water supplied by the company, shall, when laid in open ground, be laid at P^P*' ^^®' 
least two feet six inches below the surface, and shall in every exposed situation ^'^^^ 

be properly protected against the effects of frost. 

11. No pipe for the conveyance of, or in connection with, water supplied by No connect 

the company, shall communicate with any oistem, butt, or other receptacle ^^!^ ^^^ 

J -x J J X 1. J r i. ram-water 

used or mtended to be used for ram water. receptacle. 

12. Every ** communication pipe" for the conveyance of water to be sup- Stop-vaWe. 
plied by the company into any premises shall have at or near its point of 
entrance into such premises, and if desired by the consumer within such 
premises, a sound and suitable stop-valve of the screw-down kind, with an 

area of waterway not less than that of a half-inch pipe, and not greater than 
that of the ** oonmiunication pipe,** the size of the valve within these limits 
being at the option of the consumer. 

If placed in the ground such ** stop valve" shall be protected by a proper 
cover and " guard box.** 

13. Every cistern used in connection with the water supplied by the Character 
company shall be made and at all times maintained water-tight, and be ^^ cisterns 
properly covered and placed in such a position that it may be inspected and ^p^^ 
cleansed. Every such existing cistern, if not already provided with an 
efficient " ball tap," and every such future cistern, shall be provided with a 

sound and suitable " ball tap " of the valve kind for the inlet of water. 

14. No overflow or waste-pipe other than a "warning pipe" shall be Waste 
attached to any cistern supplied with water by the company, and every such pip^ to be 
overflow or waste-pipe existing at the time when these regulations come into ^"yJ^^J*^ 

into 
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warning operation shall be removed, or at the optk)n of the consumer shall be converted 
pipes. ^j^^ g^ efficient " warning pipe," within two calendar months next after the 

company shall have given to the occupier of, or left at the premises in which 

snch cistern is situate, a notice in writing requiring such alteration to be 

made. 
Arrange- 15. Every ^warning pipe" shall be placed in such a situation as will 
w^'^ admit of the discharge of the water from such *^ warning pipe ** being readily 
pipes. ascertained by the officers of the company. And the position of such 

*' warning pipe " shall not be changed without previous notice to and approval 

by the company. 
Baried 1^* ^^ cistern buried or excavated in the ground shall be used for the 

cisterns storage or reception of water supplied by the company, unless the use of such 
prohibited, q^^^^jj^ gh^ll be allowed in writing by the company. 

Butts pro- 17. No wooden receptacle without a proper metallic lining shall be here- 
hibited. after brought into use for the storage of any water supplied by the company. 
Ordinary 18. No draw-tap shall in future be fixed unless tiie same shall be sound 
draw-tap. ^j^^ suitable, and of the " screw down " kind. 

Draw-tape 19. Every draw-tap in connection with any " stand pipe " or other apparatus 
in connec- outside any dwelling-house in a court or other public place, to supply any 
^t^d' group or number of such dwelling-houses, shall be sound and suitable and of 
pipes. the ** waste preventer " kind, and be protected as far as possible from injury 

by frost, theft, or mischief. 
Boilers, 20. Every boiler, urinal, and water-closet, in which water supplied by the 

water- company is used (other than water-closets in which hand flushing is employed), 
closets, and gjjaii^ within three months after these regulations come into operation, be 
l^jiye served only through a cistern or service-box and without a stool cock, and 

dstems. there shall be no direct communication from the pipes of the company to any 

boiler, urinal, or water-closet. 
Water- 21. Every water-closet cistern or water-closet service-box hereafter fitted 

closet or fixed, in which water supplied by the company is to be used, shall have a 
apparatus, gufg^iejj^ «c ^aste preventing " apparatus, so constructed as not to be capable 

of discharging more than two gallons of water at each flush. 
Urinal 22. Every urinal cistern in which water supplied by the company is used, 

cistern other than public urinal cisterns, or cisterns having attached to them a self* 
apparatus, closing apparatus, shall have an efficient " waste-preventing " apparatus, so 

constructed as not to be capable of discharging more than one gallon of water 

at each flush. 
Water- 23. Every " down pipe ** hereafter fixed for the discharge of water into the 

closet down pan or basin of any water-closet shall have an internal diameter of not less 
P^P^ than one inch and a quarter, and if of lead shall weigh not less than nine 

lb. to every lineal yard. 
Pipes sup- 24, No pipe by which water is supplied by the company to any water- 
plying closet shall communicate with any part of such water-closet, or with any 

water- apparatus connected therewith, except the service-cistern thereof, 
closet to 
communi- 
cate with 
cistern 
only. 
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25. No bath supplied with water by the company shall have any overflow Bath to 

waste pipe, except it be so arranged as to act as a *' warning pipe." ^ without 

orerflow 
pipe. 

26. In every bath hereafter fitted or fixed, the outlet shall be distinct from, Bath 
and unconnected with, the inlet or inlets ; and the inlet or inlets must be apparatos. 
placed so that the orifice or orifices shall be above the highest water-level of 

the bath. The outlet of every such bath shall be provided with a perfectly 
water-tight plug, valve, or cock. 

27. No alteration shall be made in any fittings in connection with the Alteration 
supply of water by the company without two days' previous notioe in writing of fittings, 
to the company. 

28. Except with the written consent of the consumer, no cock, ferrule. Waterway 
joint, imion, valve, or other fitting, in the course of any *' communication of fittings, 
pipe'* shall have a waterway of less area than that of the ''communication 

pipe," so that the waterway irom the water in the district pipe, or other 
supply pipe of the company up to and through the stop-valve prescribed by 
Begulation No 12, shall not in any part be of less area than that of the 
''communication pipe " itself, which pipe shall not be of less than a half-inch 
bore in all its course. 

29. All lead " warning pipes" and other lead pipes of which the ends are Weight of 
open, so that such pipes cannot remain charged with water, may be of the j®*^. P*P®"» 
following minimum weights, that is to say : — i inch (internal diameter), 3 lb. J^^f^^ 
per yard ; I inch (internal diameter), 6 lb. per yard ; 1 inch (internal dia- 
meter), 7 lb. per yard. 

80. In these regulations the term "communication pipe" shall mean the Definition 
pipe which extbuds from the district pipe or other supply pipe of the company of " pom- 
up to the " stop-valve " prescribed in the Regulation No. 12. pipe." 

31. Every person who shall wilfully violate, refuse, or neglect to comply Penalties, 
with, or shall wilfully do or cause to be done any act, matter, or thing, in 
contravention of these regulations, or any part thereof, shall, for every such 
offence, be liable to a penalty in a sum not exceeding five pounds. 

32. Where, under the foregoing regulations, any act is required or authorised Authorised 
to be done by the company, the same may be done on behalf of the company officer may 
by an authorised officer or servant of the company, and where, under such company, 
regulations, any notice is required to be given by the company, the same 

shall be sufficiently authenticated if it be signed by an authorised officer or 
servant of the company. 

33. All existing fittings which shall be sound and efficient, and are not Existing 
required to be removed or altered under these regulations, shall be deemed to fi**i^»g8« 
be "prescribed fittings" under the Metropolis Water Act, 1871. 
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A SHORT DESCRIPTION OF THE TELEPHONE 
AND STREET FIRE-ALARM COMMUNICA- 
TION IN THE DISTRICT OF HORNSEY. 

By T. DE COXJRCT MEADE, Assoa M. Inst, C.E., Hornsby. 

The importance of connecting by telephone the depots, fire stations, 
and offices of the Hornsey Local Board was recognised about 
three years ago, and the first contract was entered into with the 
General Post Office for connecting the Board's offices and the 
Central Fire Station by telephone. The wires were carried on 
ornamental poles along the public roads, the distance being about 
2900 yards, and a further extension of the system was undertaken 
by the Post Office. The poles and overhead wires were very strongly 
objected to by the residents along the route ; and so successfully 
was the opposition maintained, that the Post Office authorities were 
unable to obtain wayleave for the intended extension of the over- 
head system. Therefore the Local Board ultimately resolved (with 
the consent of the Post Office authorities) to remove the poles and 
overhead wires, and to lay down a complete system of pipes for 
telephonic and street fire-alarm purposes. 

Pipes. 

The general plan shows the arrangement of pipes as carried out. 
The pipes were laid by the Local Board, and were of 2-inch cast 
iron, with turned and bored joints, weighbig 23 lb. per lineal yard, 
and coated with Dr. Angus Smith's composition. All pipes were 
carefully tested to a pressure of 130 lb. before leaving the works, 
and were again tested and examined on delivery at the Board's 
depdt No variation in weight exceeding one per cent was 
allowed. The contract for the pipes was executed by the Staveley 
Iron Company in a very satisfieustory maimer, at the rate of 4Z. 12«. 
per ton, delivered. The total length of pipe laid is 13,948 
yards. 
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Laying and Jointing. 

The pipes were laid by contract. The cost for opening ground, 
laying the pipes at a depth of not less than 2 feet, including red 
locid used in jointing atid filling in, and making good surface, was 
ll^d. per yard lineal. This price did not include the relay of 
footway paving or the cartage from the depot. 

Examination Pits and Boxes. 

Examination pits were constructed on the line of pipes at 
distances of about 100 yards. The pipes were laid, as far as 
practicable, in straight lines between the pits, and sunk examina- 
tion boxes were fixed, in most cases midway between the pits, or 
where a curve or bend occurred. The boxes were of cast iron, 
weighing 86 lb. each, and were made in two castings with turned 
and bored joints and india-rubber washers, as shown in Fig. 1. 
The cost of each box delivered complete was 10«. The brick 
pits measure in the clear, 2 feet by 1 foot 6 inches by 2 feet 
3 inches deep, and were constructed of London stock bricks in 
cement. The pits were covered with two kinds of cover, one 
wholly of cast iron for the footway, as shown in Fig. 2, the other 
being a stronger casting, with wood-blocks for the carriage-way, as 
shown by Fig. 3. The brick pits, including cartage and fixing 
covers, cost IZ. 2«. 6d. each. The covers were supplied by Messrs. 
Smith, Patterson & Co., the footway covers costing 10«. 6d. 
each, and the roadway covers 168. 3d[., delivered at Homsey. 

Eleotrioal Apparatus. 

The electrical apparatus, batteries, wires, fittings, &c. (with the 
exception of the telephone instruments), were provided and fixed by 
Messrs. Blenheim & Co., the total cost being 519/. 10s. 6d. 
The wire used was No. 16 B.W.G. copper, of not less than 95 per 
cent conductivity, insulated with guttapercha to No. 7 B.W.G., 
and braided and ozocerited. 

Telephone Inbtbuhents. 

These instruments are of the Gower-Bell type, and were 
purchased by the Board firee of royalty, and, including the three 
rented from the Post Office and one from the United Telephone 
Company, number fourteen in all. 

2 B 
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Switch Boards. 

There are three exchange switch-boards, from which the lines 
branchy and by means of which any point on the system can be 
connected with any other point. The switch-boards are worked 
entirely by firemen, who are on duty both night and day. The 
system is maintained by two exchanges at a time. The fireman on 
night dnty at station A cuts out the whole of the wire from that 
station during the daytime, and brings the exchange at B into use 
during the day. At night the order is reversed. This arrange- 
ment saves the services of an extra man night and day. The switch 
boards are made of different sizes, varying according to the number 
of lines to be dealt with. In each line is placed a coil of wire con- 
taining a magnetic needle (very similar to an ordinary needle 
telegraph). One end of the coil is connected to the line and the 
other to a plug. When in position the plug is placed in contact 
with a horizontal brass bar connected with earth. The magnetic 
needle is supported on a steel spindle, from which is suspended a 
small brass disc. One end of the needle terminates in a platinum 
point, which is suspended immediately over a cup containing 
mercnry. The following is the method of signalling, viz.: — ^On 
contact being made by pressing the button of the telephone instru- 
ment of a distant station, a current of electricity is sent through the 
line, and hence the magnetic needle of the particular coil on the 
switchboard is deflected, and the platinum point dips into the 
mercury cup as before described. This makes the contact, and a 
current passes from a local battery and rings the call bell; the 
deflection of the needle moves the disc behind a glass panel, and 
indicates the particular line from which the call is received. The 
plug attached to a flexible insulated cord is disconnected from the 
horizontal bar and placed in contact with a circtdar brass plate, 
which is in connection with the local instrument A conversation 
is then held by the telephones in the usnal way. Should the 
persons signalling require to speak to any other branch line outside 
the switching station, they ask the person on duty at the 
station to connect them with the third or fourth instrument as 
required. This is done by placing the plugs on the insulated cord 
connected with the instruments in one of the single brass platoB 
immediately under the horizontal brass bar. 

The Bourd's telephones are worked by single wires with an earth 
circuit; the Post Office instruments are worked with a metaUie 
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circnii In joining the insulated wire both skill and care are 
absolutely necessary, as a badly made joint might cause much incon- 
venience. Samples of wire marked A B and show the mode of 
jointing adopted. In drawing the wires into the pipes care is also 
necessary. When the pipes were laid a ** lead wire " of ordinary 
galvanised wire No. 12 B.W.G. was run through, for the purpose 
of drawing the insulated wires into the pipes, but when additional 
or new wires are required, the existing insulated wires can be used 
for the purpose. 

FiBE Alabms. 

Fire alarms are placed in the streets in convenient positions, and 
are defined by special lamps with ruby glass. These posts number 
23 in all, and are fairly dispersed throughout the district. Each post 
is fitted with a glass panel, which is left to the care of the public, 
and up to the present time there has been no tampering with the 
posts, nor has there been a single instance of wilfal false alarm of 
fire. In this respect our system differs from that in the Metropolis, 
where all posts are placed under the charge of the police at *' fixed 
points." Owing to this deviation from the Metropolitan system, 
the Board provided numbered keys and master keys to the post 
locks. By this arrangement an iron panel could be placed in the 
door in lieu of glass, and the numbered keys served to the residents 
in the neighbourhood of each post. The keys would, on opening 
the door of the post, be retained in the lock until released by the 
fireman's master key, and in this way any false alarms woidd be 
detected; but, as previously stated, no &Ise alarms have been received, 
therefore the glass panels are still in use. The signalling apparatus 
in the street alarm post consists of a coil of insulated wire of a 
definite resistance. Seven or eight posts can be placed on a single 
wira The coil in the first post offers a resistance of say ten units, 
that in the second fifteen, the third twenty, and so on through the 
whole series. In the post is a metal disc with a projecting knob 
near the centre. At the back of the metal disc is a straight brass 
spring with which contact is made by pulling out the knob. This 
rings a bell at the fire station, and the alarm is acknowledged by 
ringing a small gong in the post which is attached to the l^k of 
the metal disc. Tlie knob is automatically locked when drawn 
out, and can only be released by the fireman's master key. 
By the aid of this key a private code of signals is transmitted 
between a fireman at the post and those at the fire station. The 

2 B 2 
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posts are at present worked on the open-circnit system. Every 
post is tested by the firemen once a week. The whole system of 
alarms in connection with each station is worked by a battery of 
four cells. At the receiving station there is an arrangement 
similar to that shown on Fig. 4. '^ A " is an ordinary galvano- 
meter, " B " a resistance coil, and ** C " a switch for introducing 
into the circuit different resistances, '^ D " is a four-cell battery, 
''E"the hne wire, "F" interior of post, and "G" is the re- 
sistance coil in the post. The whole arrangement is exceedingly 
simple. On an alarm being given at any post by pulling the 
knob as before described, contact is made, and an electric current 
passes from the battery through the galvanometer, line wire, and 
resistance coil in the post, and produces a deflection on the 
galvanometer and rings the alarm bell at the receiving station. 
The amount of deflection depends upon the resistance offered by 
the coil in the particular post. This deflection is noted, and by 
moving the switch " " to the right, the line wire is entirely 
disconnected, the galvanometer needle returns to zero, and as the 
switch is brought in contact with the coils 1, 2, 3, &c., a current 
passes from the same battery through the galvanometer and coils 
locally, as shown by the red line marked local circuit on the 
diagram. The switch is turned round the dial until the deflection 
on the galvanometer is reproduced, and thus indicates the exact 
locaUty of the post from which the alarm is given. In practice, 
however, the deflection on the galvanometer is a sufficient indica- 
tion to the fireman without testing, as not more than four or five 
posts are on any one line. Three or four fire-alarm lines pass 
into each fire station. These are separately indicated by a simple 
arrangement consisting of electromagnets and armatures, by means 
of which red discs on a small indicator are brought into view. In 
case a call be given on two or more lines simultaneously, switches 
are provided by which each line can be dealt with separately. 
The posts on each line are so arranged that the engine on leaving 
the station would pass them in regular order; therefore, if the 
alarm was given from the nearest or any intermediate post, it 
would be ascertained, without loss of time, as the engine passed. 

Batteries. 
The batteries used are somewhat similar to the Leclanche battery, 
but larger, and the carbon mixture is placed on the outside of the 
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porous pot with the zinc cylinder inside. The liquid nsed is A 
solution of sal-ammoniac. Four cells are generally used for 
ringing the hells and two for working the telephone instruments. 
These cells are sufficient to work the fire-alarm switch-hoards also. 
For these batteries Messrs. Blenheim & Co., the manufacturers, 
claim that they have a less internal resistance and continue in 
action for a greater length of time, also that they recover in 
shorter time than the Leclanche battery. 

The instrument on the right is Messrs. Blenheim's telephone, 
which is now being fitted up at the Homsey Isolation Hospital 
and Sewage Works. My thanks are due to Messrs. Blenheim, 
who have kindly lent a set of instruments and have fitted them in 
this room for the information of the members. 



DISCUSSION. 

Mr. SHiGOOk : There is just one thing I should like to know, and 
that is the number of these signalling stations in proportion to the 
population. It is not very long since there was a paper read in this 
room, on " The present state of Fire Telegraphs," before the Society 
of Telegraph Engineers and Electricians, in which there were a great 
many statistics given as to the proportion of call points in American 
and in English towns to the population. It would be some guide 
if we had definite information as to the number of such points that 
ought to be put down. I have not that paper here, but, so far as 
I can remember, the proportion in England was very much less 
than there are both on the Continent and in America. I remember 
that in London, which is the best provided with such call points 
of any English town, there is the proportion of something like one 
call point to every 5000 or 6000 persons. I think Leeds, which 
is very well provided, has about one to every 8000 or 9000 persons, 
whereas on the Continent there is one call point for about every 
1000 of population, and in America there are a great many more 
still. Captain Shaw, of the London Fire Brigade, waa present 
when the paper to which I have referred was read, and I remember 
he made two remarks very much to the point on this subject. 
One of them was that we ^ould aim at doing away as much as 
possible with bells and introduce speaking instruments instead. 
In large towns the fire brigades have a great amount of work to 
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do^ and it is'yery annoying and harassing for ihe men, who may 
perhaps tnm out with every possible appliance to attend in some 
street in response to a call by a ring of the bell, and find when 
they get there that it is merely a chimney fire. If forty or fifty 
men turn out with a steamer to put out a chimney on fire it 
harasses the fire brigade very much, and on that ground Captain 
Shaw advocated that telephones should be introduced as much as 
possible, instead of merdy ringing arrangements. The other 
suggestion was that to prevent false alarms being given the street 
call points should be so arranged that when used they should make 
such a noise that no one within a radius of one hundred yards 
could fail to be aware of the fact. 

Mr. W. N. Blaib : I just wish to say that at Bootle we have 
introduced arrangements similar to those described by Mr. Meade 
at Homsey. We differ, however, in this respect, that with us the 
opening of the door rings the alarm ; we have not to pressor touch 
any knob in order to do that. We have nine or ten of these 
stations established at present, by way of experiment. They have 
acted very well, and so far we have had no false alarms. As 
regards indicating the situation of the fire, they have established a 
system, by which the engine at the central station can go 
direct to the point from which the alarm comea The first turn 
out carries everything necessary to deal with the fire working from 
the mains. If the men find a serious fire, they at once ring the 
alarm through the street station signal for one engine, or two 
engines, as the case may be. I believe our superintendent, Mr. 
Parker, has recently patented this arrangement. Another part of 
our arrangement is this, that any householder may obtain a 
numbered key, but if he uses it, he cannot withdraw it from the 
lock until some one with the engines comes up with a master key 
and releases it. 

Mr. Db Courobt Meadb : With regard to Mr. Silcock's remark 
respecting the number of stations, there are fourteen telephones, 
and twenty-three posts, and this works out to about one post to 
every 2500 of the present population, exclusive of the telephones. 
There is a central fire station, and two street stations, and the 
alarm can be given to them as well as direct to the central station 
by telephona In addition to that there is a telephone in the 
northern part and also in the extreme south-east. I find that the 
keys described by Mr. Blair are very similar to our own. The keys 
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have each a distinctive number, by which they can be identified, 
and any attempt to file away the nmnber would render the key 
useless. Any one using the key cannot release it from the post, 
and thus, in the event of a false alarm, we could detect the person 
through the number of the key used. I do not know whether 
this will prove a better system than the glass in the suburbs of 
London, but we shall stick to the glass panels until we find false 
alarms given. 
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NOTES ON SEWAGE PURIFICATION BY 
ELECTROLYSIS. 



By WILLIAM WEBSTEE, F.C.S. 

The question of the disposal of sewage has occupied the attention 
of engineers and chemists for many generations past, and regarded 
from a hygienic point of view cannot be too thoroughly considered. 

Before entering into the particular subject upon which I have 
the honour of being invited to address you, I should like to turn 
your attention to the various processes tried, and found wanting, 
since the year 1762. 

We have lately heard a great deal about the treatment of sewage 
with sulphate of iron, lime, sulphate of alumina, permanganates, 
&c., &c ; it is a most remarkable fact that claims have lately been 
made in re the sulphate of iron process as if it were entirely new ; 
the following list will show the fallacy of this : — 



Names of Substances. 



Sulphate of iron 

Chlorine 

Lime 

Powdered charcoal 

Chlorine and chloride of lime 

Ashes 

Band 

Sulphate of iron 

Chloride of Boda 

Waste chloride of manganese 

Sulphate of lime 

Animal charcoal 

Peat 

Charcoal and calcined marl or river mud 
Sulphates of iron and zinc with tan and tar 
Earth, lime and waste substances .. 

Peat ashes 

Metallic oxides and carbon 

Chloride of zinc 

Schist coke 

Trade refuse, charcoali and ashes .. 

Powdered lignite 

Impure alum 

Sulphate of zinc, charcoal, and clay 



Inventor, 



Deboissieu 

Hall^ 

Estienne 

Giraud 

Guy ton Morvean . . 
Chaumette 

Duprat 

Briant 

Labarraque .. .. 
Payen and Chevalier 

Siret 

Frigerio 

Guibonrt & Sanson 

Pottevin 

Siret 

Bossier 

D'Aicet 

Erafft and Sueqnct 
Sir Wm. Burnett . . 
Hompesch 

Albert 

Jourdan 

Siret 

Gagnage and Beg- 
nault. 



Date. 



1762 
1785 
1802 
1805 
1805 
1815 
1818 
1824 
1824 
1825 
1827 
1829 
1833 
1836 
1837 
1837 
1840 
1840 
1840 
1841 
1842 
1843 
1843 
1844 
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Names of SnbBtancQS. 


Inventor. 


Date. 


Persulphate of iron 


Baronnet 


1845 


Schist coke 


DuBoisson .. .. 


1845 


Chlorides of iron and zinc 


Dubois 


1846 


Nitrate of lead 


Higgs 

Ledoyen 


1846 


1847 


Waste salts of iron, lead, zinc, &c, with pyrolig 


Brown 


1847 


matters, ashes, &c. 






Pyrolignate and perohloride of iron 


EUerman .. .. 


1847 


Impure chloride of manganese 

Dried sea-weed, lime, amd sulphate of lime and 


Young 


1847 


Salmui .. .. 


1848, 


zinc. 
Peat charcoal 


Rogers 


1848 


Charcoal, soot, mineral salts, &c 


Legras 


1849 


Spent tan, carbonised 

Fresh bark, sulphate of iron, and peat charcoal . . 
Metallic sub-salts, as of iron alumina, &c. . . . . 


Tarling 


1850 


Angely 


1850 


Browne 


1150 


Milk of lime and collecting the deposit 


Wicksteed .. .. 


1851 


Acids and metalic salts, and filtrations through 


Dover 


1851 


charcoal, clay, peat, gypsum, &c. 






Lime, sulphates of alumina, and zinc and char- 
coal 
Lime, magnesian earth, sulphate of zinc or iron 


Stothert; 


1852 


Gilbee 


1852 


and vegetable charcoal 






Sifted ashes, breese, or peat charcoal 


Perks 


1852 


Sulphate of zinc, potash, alum and sand with waste 


Pinel 


1853 


tan, ashes, lime, soot, &c. 






Metallic sulphates, metalio chlorides, or charcoal 


Herapath .. .. 


1853 


and magnesian salts 
Salts produced in working galvanic batteries 






Derinp 

Dimsdale 


1853 


Peat or bog earth containmg salts or oxides of iron 


1853 


Peat and other charcoal and chloride of sodium, 

&c. 
Animal charcoal, alum, carbonate of soda and 


Macpherson . . . . 


1853 


Manning 


1853 


Magnesia and lime with sulphurous and carbolic 


Smith and 


1854 


acids. 


McDougall. 
Wicksteed .. .. 




Lime and finely-divided charcoal 


1854 


Boghead coke 


Herapath . . . . 


18.54 


Soft sludge from alum works with lime and char- 
coal. 
Peat charcoal carbonised with oil of vitriol . . 


Manning 


1854 


Longmaid 


1855 


Alum schist or shale, and other aluminous minerals. 


Manning 


1855 


with lime and charcoal. 






Manganates and permanganates 


Condy 


1857 


Superphosphate of lime with magnesia and lime . . 


Blyth 


1858 



To this list may be added others containing combinations of the 
above, ringing the changes upon iron, lime, almnina, &c., which 
illustrate the reckless way in which inventors endeavour to apply 
their knowledge without first ascertaining what has been previously 
done in the matter, and how far it has been found to be successful. 

In the year 1844, hme, mixed with water, was used for the 
precipitation of sewage, the sewage precipitate was called sewage 
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guano, and, to cut a long story short, it was fonnd that the pro- 
duct had little or no agricultural value. The late Dr. Letheby 
(whose pupil I was) in the year 1857 recommended the Metro- 
poUtan Board of Works to adopt the lime process to precipitate 
the sewage of London. He also suggested tiiat sulphate of iron 
might be tried. In this short paper it is not my intention to 
criticise the many processes in use at the present time, as there is 
no doubt all are doing their best to solve tiie question ; but I must 
protest against sewage fSeums, where sewage is allowed to percolate 
through the land without previous treatment. Bye grass is grown 
and ultimately eaten by cattle, sewage contains myriads of ova, 
they become attached to the grass and other green fodder, this 
afiTects the cattle, produces measly meat, and I need hardly enlarge 
upon the results of eating it. 

It may perhaps seem curious that I should say so much about 
chemical treatment, when the special subject of my paper is 
electrolytical ; but electrolysis is nothing more than a chemical 
action produced by an electric current. 

It IB quite ten years since I carried out my first experiments in 
electrolysis, but in those days the available electric apparatus had 
not attained such completeness as we now have it. I first of all 
wish to remove an impression which, I have been given to under- 
stand, is lurking in some minds — ^that it is impossible to electrically 
decompose pure water. Water is easily decomposed provided the 
current of electricity is of such intensity that it can overcome the 
resistance. Nicholson Carlisle decomposed water in the year 1800 ; 
the decomposing effects produced are precisely in accordance with 
the chemical equivalents of the substances electrolysed; for 
instance — the same amount of electricity that would reduce fifty- 
six parts of iron from its solution would reduce 207 parts of lead, 
or sixteen parts of oxygen, &c., &c This is practically the ex- 
planation of the whole system ; for the chemical changes which 
take place in sewage when it is electrolysed, depend chiefly on the 
well-known facts that water and sodium, magnesium and other 
chlorides (which are always present in sewage) are split up into 
their constituent parts. Thus, we have at the positive pole 
chlorine and oxygen set free, and these elements are liberated in a 
nascent state, a condition in which they are intensely active, so 
that the organic matter in the sewage is rapidly oxidised and 
burnt up to innocuous compounds. So rapid is this action that I 
will now act on a little Crossness sewage, and produce a disin- 
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fecting liquid, which is nothing more or less than hypochlorons 
acid, the strongest oxidising agent that is known. To obtain this 
qnickly I mnst separate the positive action from the negative by a 
porous diaphragm. At the negative pole I obtain ammonia, 
potass, soda, magnesia, &c. So strong is the action of oxide 
of chlorine that I have found no pressed carbon plates would 
stand its action, I am therefore compelled to use cut carbon or 
coke. 

It was this &ct that made me investigate the cost, and the result 
was, knowing that iron salts were of great use in precipitating 
organic matter in solution, that I experimented with iron electrodes, 
for the oxidising acids produced by this action being probably 100 
times more active than any acids produced by chemical processes 
alone, it necessarily followed that the iron salt produced must have 
similar properties. The nascent chlorine and oxygen generated 
partly unite, and, with the water, form hypochlorons acid; the 
positive iron plate being attacked, and ferrous hypochlorite formed ; 
but a portion of the hypochlorons acid attacks the organic matter, 
for it is well known that putrefying sewage has a strong affinity 
for oxygen. 

To still further strengthen this action, I have lumps of carbon 
cast into the iron plates, thus securing a supply of the before- 
mentioned add. 

The iron plates are common casts run direct from the furnace 
into this form instead of pigs, and are used for the positive poles, 
the negative plates being thin rolled sheet. The positive plat^ are 
gradually acted on by the acids produced, but the negative plates 
are not acted, on, and will remain m the same condition for years ; 
this is so well known that I need not enlarge upon it I have 
estimated that the waste of iron at the positive pole is about one 
grain per gallon, but of course this entirely depends upon the 
electric current used. The hypochlorite of iron formed at the 
positive pole is acted on by the free ammonia, sodium, potassium, 
and magnesium hydrates and the ferrous hydrated oxide precipitated. 
This particular oxide of iron has the property of combining with 
organic matter, and it is a peculiarity of this salt to take a white 
hue, and then by exposure to the atmosphere to become green, and 
ultimately an ochrey red colour. 

This action can be seen almost daily in any dye-house during 
the dyeing of buffii ; the cotton goods (representing organic matter) 
are dipped into an iron solution, and then possed through an alkaline 
bath; the shade is green, but sUght exposure to the air produces 
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the bnff colour ; the oxide of iron being precipitated within the 
fibres of the cotton. The ferrons hydrate or protoxide of iron is 
so beautifully precipitated, one may say, in its most active condition 
by this elecbx>Iytic process, that it takes up more organic matter 
than if precipitated chemically, for by chemical precipitation the 
iron oxide carries a large part of the suspended matter in the 
sewage with it ; but only traces of the dissolved organic matter. 
In the electrical process the whole of the matter suspended is carried 
with the oxide of iron, together with a considerable portion of the 
organic matter in solution, and if necessary, the whole of the 
soluble organic matter can be oxidised. The precipitate itself is 
carried to the surface by the numerous bubbles of hydrogen issuing 
from the negative pole, and the efiSuent may be ran oS quite clear 
from below, or may be run with the precipitate into settling tanks, 
where the deposit will take place in from half an hour to two hours ; 
the precipitate being exceedingly flocculent subsides readily. The 
sludge formed does not hold so much water as by chemical process, 
and presses without any addition of lime. The effluent is less 
alkaline than the natural sewage, and if necessary can be rendered 
neutral by passing through coke filters arranged in such away that 
the electric current can be applied, thus further purifying the 
effluent and delivering it in such a state that, personally, I should 
have no objection in drinking it The reason of the alkalinity being 
reduced is that a small quantity of free ammonia is carried off 
with the hydrogen gas at the negative pole, and also by the 
formation of hypochlorous acid. It is by means of this coke 
filter that potable water can be purified either on a large or 
small scale, and the treated sewage is not liable to secondary 
fermentation, nor does it form a precipitate when mixed witii 
ordinary river water. The chlorides are slightly diminished in 
quantity owing to the escape of nascent chlorine at the positive 
pole. The amount of soluble mineral matter is not increased in 
quantity as in ordinary precipitating processes. 

The chloride of line of commerce is really hypochlorite of Ume. 
It has been suggested that the hypochlorous acid may possibly be 
as objectionable in its after effects as the salts of Ume, but this is 
not the case, as hypochlorous acid is an unstable compound, which, 
having delivered up its oxygen in oxidising organic matter, changes 
into hydrochloric acid, which neutralises the alkalinity of the 
sewage. 

As I have already demonstrated that hypochlorous acid can be 
obtained in quantities by means of a porous cell enclosing positive 
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pole, SO likewise by enclosing the negative pole, a solution of am- 
monia, &c., can be obtained from the raw sewage. 

I have brought with me a weak solution of the disinfecting fluid 
obtained from sewage twelve months ago; also a sample of an 
effluent eight months old. I have shown that the sewage can be 
purified to any extent, even to conversion into a disinfectant ; it 
therefore only remains for me to enter into the question of cost, 
which I will do as briefly as possible, and it is just as well to men- 
tion that this will be partly ruled by the particular state of purity 
you require in the effluent. 

The chief expense is the engine power. My experience up to 
the present time is limited to treatment of about 100 gallons of 
sewage at any one time ; and from a large number of experiments 
I found it would be possible to treat this quantity with about one- 
third horse-power ; the dynamo and engine were unsuitable for my 
experiments, as the dynamo was only fit for electric lighting, and 
the engine twenty-five years old — without a governor ; I should 
therefore prefer to think the horse-power over-estimated. The 
time occupied in treating every 100 gallons varied from five to ten 
minutes. The consumption of iron was one grain per gallon ; the 
cost of this is easily estimated when one knows the market price of 
pig-iron. By kind permission of the Metropolitan Board of Works, 
I have erected works at my own expense at the Crossness Outfall 
of sufficient capacity to treat sewage at the rate of one million 
gallons per diem ; as I have sufficient confidence in this process to 
risk the large outlay entailed. For this I have had an Edison- 
Hopkinson dynamo specially constructed giving an output of 1600 
amperes and twenty volts. 

Unfortunately the electrical portion of the works is not yet com- 
pleted, or I should have hoped to have had the pleasure of inviting 
you to inspect them. 

The question of cost resolves itself into this : The more iron 
plates you introduce into the system, the greater the surface, 
and the lower the resistance, consequently the less horse-power 
required. The increase of the iron plates is only an increase 
of prime cost, and does not meai\ a greater waste of iron; this 
means a saving of labour, as the more iron originally used the 
less frequently it would require renewal 

I hope to prove that by usmg positive plates one inch thick 
their duration will be from five to ten years. If the proportion 
of one-third horse-power to 100 gallons in ten minutes holds 
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good, as I am inclined to (hink it will, then twenty-fire actnal 
horse-power would be capable of purifying 1,080,000 gallons of 
sewage in twenty-four hours. I should much have liked to 
have gone into more minute details connected with these ex- 
perimental tests, but until I have verified the present results on 
a practical working scale I feel it would be premature to quote 
figures. 

Appended are the results of a few Analyses of Sewage before 
and after treatment : — 









Parts 


1 PER 


100,000. 
















Appearance. 


Odonr. 


NitrogeaaB 


a 

1 


i! 
It 


S 

S 


1 

1 


Suapended Matters. 


Date of 
Experi- 
ment. 


1 


is 


1 


1 


s 


c5 

1 


1 


1888. 




1 




















a. Mar. 26 


Raw Sewage, 


Bad 2-59 0-47 None 


9-74 


1 95 


61-72 


12-57 


65-28 39-47.25-79 


709 




very turbid and 
























opaleacent 
























Effluent, clear .. 


None 2-30 0-80 None' 9*19 


X-07 


57-43 


914 


None 


,, 


, , 


,. 


6. Apr. 20 


Baw Sewage, 


Slight 1 -88 0-19,Trace; 5-27 


117 


42-43 


7-90 


47-31 33-0i;i4-5J0 


613 




very turbid and 
























cnpalescent 
Effluent, clear .. 


None 1-6.S 


0-14 


029 


4-67 


0-53 


38-60 


4-10 


2-01 


1-74 0-27 


1-69 


a Apr* 27 


Raw Sewage, 


Slight 2-65,0-42,None |16'43 


1-24141 -95 


5-86 


Not estimated. 




a. 


Tery turbid and 
opaleacent 


























Effluent, clear .. 


None 2-28:018|0017 13-79 


0-52 


37-40 


2-85 


None 


•• 


•• 


•• 



a. a. Time allowed for Eettling, two boura. 
b, H *« II M half an hour. 



Canal Water Contaminated with Sewage, - 
Experiments. 



-Laboratory 



CARBON PLATES. 

AYERAGB OF 40 ANALYSES. 



Per galton. 
Free Albumenoid 

AmnioDla. Amiuoiiia. 



Before treatment 
After treatment 



•073 
•053 



-037 
•014 



IRON AND CARBON PLATES. 

AYERAaB BE8CLT OF 5 ANALYSES OF BEWAaE. 



Before treatment 
After treatment 



Per gallon. 
. -431 
, -08 
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Mr. Midwinter, F.I.C. : I have had opportunities of seeing a 
good deal of Mr. Webster's process, and it appears to me that in 
it we are able to combine the results obtained by both precipita- 
tion and irrigation in the same tank. This is equivalent to saving 
an enormous expense in the shape of land, chemicals, and working 
expenses. You wiU see by the analyses that the organic matter 
is reduced about one hundred per cent, and the nitrogenous 
organic matter, that is nitrogen as organic matter, is reduced 
about one-third. Having had some experience in analyses of 
sewage effluents, I know of no other process which gives equally 
good results. 

The Pbesident : I have no remarks to make upon the paper, 
but our thanks are due to the author for having taken a very unusual 
course with gentlemen who have devoted themselves to scientific 
investigations, by putting us in possession of certain data in the 
middle of those experiments. Mr. Webster has done precisely what 
I suggested in my address should be done on a larger scale, viz. 
made an original scientific research on the sewage question and 
communicated the result before the final experiments are concluded, 
thus putting us in possession of the exact position which the 
investigation has reached, and we are exceedingly indebted to him 
for the trouble he has taken, and for the interesting information 
he has given to this Association. 

Mr. S. G. Trapp : I consider this one of the most practical and 
valuable papers that has been brought before us. The only thing 
of all others that sanitary engineers are trying to find out is the 
best method of treating sewage. If Mr. Webster's plan proves 
successful, I think it seems the most sensible plan yet put before 
us, and we are much obliged to him for the information he has 
afforded. 

Mr. Gordon : I should like just to say this, that this Association 
is very greatly indebted to Mr. Webster for selecting this as the 
first Association to which he has thought it right to publish his 
views on this important question, as he has kindly done this 
morning. 

On the first day, hy permission of KM, Office of WorTcs, a 
visit was paid to the new drainage works constructed on the 
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Shone system at the Houses of Parliament In the evening the 
members dined together at the Criterion Bestaurant^ Piecadillyy 
and amongst the visitors were Sir Robert Bawlinson^ K.G.B.J 
Dr. Richardson, Major TuUochy dte. 

On the second day visits were paid to Messrs. Jennings' works, 
Stangate Wharf, Lambeth; and to the Imdgen Light Works, 
Erin's Oxygen Works, and the New Batiersea Bridge in course 
of construction. 

On the third day the members proceeded hy steamer down the 
River Thames to the Greenwich Ferry Works, after which they 
visited the new Outfall Works ai Barking designed for the 
treatment of Metropolitan Sewage. Here one of the sludge ships^ 
* The Bazalgette,' was moored for the inspection of members. 
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APPENDIX. 



VOLUNTARY EXAMINATIONS. 



SYLLABUS. 



Thb Absooiation of Munioipal and Sanitabt Enoinebbs and 
SuBYBTOBS have undertaken the holding of Voluntary Pass 
ExaminationB for Candidates for Surveyorships under Municipal 
Corporations and the Local Government Acts. 

There wDl be two Examinations in each year, one in April, in 
London, and one in October. 

The Examinations will be by written papers and fdva w>ee^ upon 
the four following subjects : — 

1st. Engineering as applied to Municipal work. 

2nd. Building Constraction and Materials. 

3rd. Sanitary Science as applied to Towns and Buildings. 

411i. Public Health Acts, and Rivers Pollution Acts. 

Examples of the dass of questions proposed to be asked under 
these heads are appended hereto. 

Candidates will be allowed two hours to answer the questions 
under each of the four heads, and will not necessarily be required to 
answer all the questions set in each paper, though not less than four 
must be taken: marks will be given for all questions properly 
answered. The viva voce examination will be held after the written 
papers have all been sent in, and will be directed to the further 
elucidation of the answers to the papers on each subject, and to such 
practical points as fiEdrly arise therefrom. 

The Examinations will extend over one or two days, as circum- 
stances may require, and in the latter case the arrangements will be, 
as fjAT as possible, as follows: — 

First day ..10 to 12 .. Engineering. 

„ ..2 „ 4 .. Building Construction. 

„ ..6 „ 7 .. Sanitary Science. 

Second day .. 9.30 „ 11.30 Public Health Law. 

„ ..1 „ 4 .. Viva voce ExaminaHon. 

2 c 
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The total number of marks required to oonstitnte a pass will be 
50 per cent, in each of the subjects. 

Each candidate has to fill a Form of Application, to be obtained 
from the Secretary. 

The fee for each Examination will be 82. 8«., one gninea to be paid 
on application, and the balance on the day of examination. Should 
the candidate ful, he will be entitled to present himself again at the 
next, or any subsequent Examination, on payment of one-half of the* 
above fee. 

No further charge will be made to the candidate than the fees 
above mentioned. 

Candidates that do not present themselves for the Examination 
forfeit the entrance fee. 

Successful candidates will be entitled to receive a Certificate in 
the form of a ^ Testamur," signed by the Examiners for the time 
being, and countersigned by the President and Secretary of the 
Association in Council. 

Further details and particulars may be obtained on application to 
Mr. Thos. Cole, Secretary to the Association, 6, Westminster 
Chambers, Victoria Street, S.W. 



8DBJE0T8 OF EXAMINATION. 

I. — Enoinbbbino as afplikd to Mukioipal Work: 

A. Land Sarveying and Levelling. 

B. Hydraulics. 

C. Drainage and Sewerage. 

D. Water Supply, 

E. Road Making. 

II. — BUILDINO COKSTBUOTION : STRENGTH OF MATERIALS : 

A. Materials. 

B. The Construction of Public and Private Buildings. 
0. Building Bye-lawB. 

lU, — Sanitart Soienob as applded TO Towns and Buildinos: 

A. Ventilation. 

B. Sewage Disposal. 

C. House Drainage. 

IV.— PuBUO Health Acts. 
BiYERs Pollution Acts. 
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FOURTH EXAMINATION. 

The Fourth Examination of candidates was held at the Town Hall, 
Manchester, on Friday and Saturday, the 7th and 8th of October^ 
1887, at which the following Examination Papers were set to the 
candidates. 

Subjiot: — ^Enginbxbino as Applied to Municipal Wobk. 
E. B. EUiee-Clatk, M. Insi. OJE., Examiner. 

1. Insh'Ufnentail Work, — Before commenciDg observations with the theodolite 

it 18 necessary to adjust (a) the telescope ; (b) the horizontal limb ; 
(c) the vertical limb. The adjustment of the telescope is to make 
provision for two important errors. What are they ? 

2. Surveying. — Sketch the main lines and ties you would chain in surveying 

the streets shown on the accompanying plan. If you consider it 
necessary to use a theodolite, show the manner in which you would 
enter the angles in your Field-book. How would you indicate the 
levels of the surfece and sewers ? 

3. LeveUing.'^'bi giving the levels for the construction of a sewer, describe 

the method you would adopt to ensure the invert being laid to the 
correct depths and gradients. 

4. JJydmtrfics.— What is meant by the term " Wetted perimeter ? " What 

causes a syphon to work ? How many feet in height will an overhead 
syphon work in practice? What does the height of the barometer 
indicate in relation to the working of a syphon? 
6. iSeuwm^.— Sketch * an open trench, in a wet clay subsoil, for a sewer 
4 feet 6 inches by 3 feet — depth 20 feet to bottom of cutting. Show 
the necessary timbering. Write the distinctive names, and figure the 
dimensions of each piece of timber used in securing the trench. 

6. Sketch * the ^^-shaped sewer, 4 feet 6 inches by 3 feet, with diagram 

showing how the radii of the invert, sides and arch are determined 
Give the thickness of brickwork necessary under the conditions named 
in Question 5. 

7. Presuming good ballast could be obtained as an aggregate for concrete, 

show how you would dispose the material in constructing a concrete 
sewer, giving (a) dimensions ; (h) proportions of cement to aggregate. 

8. What are the advantages and disadvanteges of using wholly mass con- 

crete for such a sewer in the principal streets of a large town? 
(a) temporary ; Qt) structural. 

9. In calculating the capacity of outfall sewers, what rainfall in twenty-four 

hours would you provide for in the town where you reside ? State 
town? 
10. Without a separate system. In making provision for the relief of sewers 
from storm waters — i. e., heavy falls in short periods — what informa- 
tion is necessary to determine the capacity of the necessary relief 
works ? 

* Skelcbes need not be mode to scale. 

2 2 
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11. How would you gauge the flow of a sewer, if the inclination were not 

known? 

12. Paving, — ^Under what conditions would you consider it necessary to 

abandon macadam, and pave a street with pitchers? 

13. How would you ascertain the annual burden borne by a street, and what 

unit would you adopt so as to compare your calculations with those of 
other engineers? 

14. Lightvng. — ^What is meant by " average meter indication ?" Give a de- 

scription of it^and the appliances used to effect it successfully ? 

Subject: — Building Oonbtbuotion, &o. 
W* Geo, LoMSy M, Inst. C,E^ Examiner. 

1. Name the woods chiefly used in ordinary building, and the qualities and 

uses of each. 

2. Give the composition of good mortar. What are the most common 

faults of mortar used in ''jerry '' work, and how are they detected 7 

3. Describe "Ashlar," "Block in Course," "Snecked Rubble." Specify 

briefly for a wall built in one of these modes. 

4. What is " Stoothing ? " Describe its construction, and say where it is 

applicable, and where not. 
6. What is the difference between " flat " and " tuck ** pointing? Give a 
sketch of each. What is meant when joints are specified " to be drawn 
in with a key ? " 

6. Describe the process of " plastering" inside walls, naming 'each coat, and 

its composition. 

7. Sketch a " Queen post " roof couple, and name the members. In what 

cases is it applicable? 

8. What are the chief precautions to be taken in arranging the " exits" from 

a public building (say a theatre) as regards doors, passages, and stairs ? 

9. Give a sketch section of an ordinary house floor, showing the joists and 

flooring boards, and the ceiling of the room below, and describe how 
they are put together. Show how " deafening " is put in. 
10. What are the requirements of the Model Bye-laws as to the thickness of 
house walls? Give these briefly in your own words. 

SuBJXOT :— Sanitabt Sodbnob. 

Joseph Oordon^ M. Iml, C.B.^ Examiner, 

1. Ventilation. — State the general features to be kept in view to secure as 
perfect a ventilation of town areas as possible : 

(a) Width of streets. 

(b) Length of streets without cross streets. 

(e) Minimum area of open space at rear of each building, and minimum 
width or depth thereof between outbuildings and fence wall at the rear. 

(d) State what other means of ventilation than by windows and fireplaces 
are desirable for the interior of dwellings; also for public halls, 
churches, hospitals, &o, 

(e) Why is it requisite that sewers and house drains should be ventilatedt 
and what are the usual methods resorted to in each case ? 
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2. Building 8iie and Sanitary Arrangements, — ^What precautions does 
sanitary science require should be taken to secure a healthy site and 
conditions for dwellings — 

(a) Suppose the subsoil to be of a doubtful character, how would you deal 
with the site to be built upon ? 

(^ What position would you assign to water closets in the interior of 
dwellings in order to ensure proper light and ventilation and the 
greatest possible isolation from dwelling and sleeping apartments, and 
give sketch to illustrate your views as to the position of w.c's, sinks, 
baths, &c. 

3. Sewage JDispoeal. — Give description of the chief methods of sewage dis- 
posal and treatment, and state— 

(a) Under what circumstances chemical treatment seems more practicable 
than an application of the sewage to land, with particulars of some of 
the chemical methods at present in use. 

(h) When and under what conditions intermittent filtration is resorted 
to, with some particulars of this method of sewage disposal, and 
quantity of land requisite per 1000 inhabitants or per million gallons 
of sewage. 

(c) Give some particulars of the application of sewage to land upon the 

broad irrigation system, and the area of land requisite per 100 inhabi- 
tants or per million gallons, according to the nature and quality of the 
soil and subsoil. 

(d) Is the difiSculty of disposing of the sewage at the outfall of any sewerage 
system at all lessened or attended with less expenditure where the 
earth closet or pail system is chiefly in vogue instead of water closets ; 
and, if so, is it at all commensurate with the increased cost of collec- 
tion of the earth closets or pails in large towns ? 

4. Sewering of Towns, — ^In sewering a totm how would you proceed to deter- 
mine the maximum dry weather volume of sewage during the day to 
be carried off through the sewers, and what provision beyond this 
would you make for rainfalls per hour in determining the sizes of your 
sewers? 

6. What minimum velocity is requisite for sewers to be reasonably self- 
cleansing, and how would you obtain this in localities where the 
natural levels of the district do not admit of gradients producing such 
a velocity ? 

6. Why are so-called dead ends objectionable in sewerage systems, and how 

would you avoid them ? Illustrate a case in point, and show what 
alterations and additions to a system of sewers are requisite to dispense 
with them. 

7. Under what conditions would the separate system— that is, one set of 

sewers for rain water and another for sewage — be advantageous? 

8. Water Supply, — ^What are the usual precautions taken to prevent the 

possibility of the water supply for culinary, drinking, and other 
domestic purposes, becoming contaminated from w.c's, &c., within a 
house? 
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9. ffotue Drainage, — ^Describe the chief features to be kept in view in 
designing house drainage under the following headings : 

(a) How baths should be dealt with, and under what conditions you would 
consider it essential to ventilate a bath waste-pipe. 

(b) How would you deal with the soil-pipe of a water closet, and of what 

materials would you construct it ; in what manner would you ventilate 
it, and imder what conditions would you consider it essential to discon- 
nect it or other parts of the house drainage from the public sewers ? 

(c) Where disconnection is considered essential, in what positions would 

you place the disconnecting syphons, and what gradient would you 
consider essential on the house side of the syphon to keep it clean ; 
and under what conditions would you consider such a syphon inadmis- 
sible ? 

(d) Where it is impracticable to drain a house without passing the drain 
through it, what materials would you use, and what other precautions 
would you take, to secure healthy conditions? Illustrate your views 
by a sketch section through house, showing drain and precautions 
referred to. 



StrBJBOT:— Public Hbalth Aotb and Bivkbs Pollution Aots. 
H. P. Boulnoia, M. Inst. C.E., Examiner. 

1. Mention the Acts which empower persons to break up the public streets 

for difierent purposes. 

2. Under what powers can an Urban Sanitary Authority execute the 

following works ? — 

(a) Fix a bracket lamp against a wall of private property. 

(b) Fix a street " name plate '* against a wall of private property. 

(c) Erect a urinal in a street, " not repairable by the inhabitants at large." 

3. What are the conditions laid down in the Public Health Act, 1875, under 

which existing cellars may be let or occupied as dwellings? 

4. State the surveyor's legal duties when he finds a house within his district 

to be ** without a sufiScient water closet, earth closet, or privy." 
6. How many Acts and Amendments thereto are there in force with regard to 
artizans' and labourers* dwellings and lodging-houses? 

6. What is the maximum length of drain an owner can be compelled to con- 

struct to connect his premises with a public sewer ? 

7. What restrictions are placed upon the choice and construction of a cemetery 

under the Cemetery Glauses Act ? and give the date of this Act 

Nino candidates presented themselveB for ezaminAtion, of whom 
the following six satisfied the Examiners, and were granted their 
oertifioates of competency : — 



J. Cook (Bury). 

T. E. W. Mellor (Stockton). 

J. W. Metcalf (York). 



W. Parker (Hereford). 

R. W. Smith-Saville (Accrington). 

F. D. Ward (Manchester). 
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FIFTH EXAMINATION. 

The FiM Examination was held at the Institation of Civil 
Engineers, Westminster, S.W., on Thursday and Friday, the 27th 
and 28th April, 1888, when the following Examination Papers were 
set to the candidates. 

Subjiot: — Enginbbbing as Applixd to MukioipaIi Wobk. 
«r. Gordon^ M. InaL CE.f Examiner, 

1. Give sketch of survey Imes for open ooantry district of not less than six 

fields, with specimen field book for two of the lines, with set-offs, &c. 

2. Give sketch of some portion of an imaginary town survey, showing the 

angles of the main lines as obtained by the Theodolite, and describe 
the mode of cheekily the chained lengths of such lines from the angles 
and base line. 

3. Give example of level book, with a line of levels across an imaginary 

valley, and check levels back to starting point. 
i. Give section of a 40-foot street or road, showing : 

(a) Mode of construction for a macadam carriage-way and 

gravel footways, with character of foundation recom- 
mended. 

(b) Mode of constructing tar macadam carriage-way and tar 

paved footways. 

(c) Paving carriage-way with granite sets or wood blocks, and 

footways with small granite squares, York flagging, or 
Victoria stone ; 
with short description or specification sufficient to show clearly to a 
contractor the method of construction intended. 

5. Give sketch of a main sewer along a road, with a subsidiary sewer in a 

street parallel therewith at a higher level, and running in the same 
direction, but with a distance of 300 yards between the two streets, 
and with cross streets running between them, sloping towards the 
main sewer ; and show mode of sewering the latter, together with the 
positions imd distances between manholes and lampholes, or other 
proposed inspection shafts. Assume for the purpose that the main 
sewer is an egg-shaped brick sewer 3 feet 6 inches by 2 feet 4 inches 
in size, and the subsidiary sewer 1 foot 6 inches diameter, with sewers 
12 inches and 9 inches respectively for the cross streets. Show gullies 
in streets, and their distances apart, and give sketch of construction of 
manholes and lampholes, and any proposed flushing arrangements. 
Also sketch section of proposed construction and material of egg- 
shaped sewer. 

6. Give sketch of bell-mouthed junction of two brick sewers with side 

entrance and flushing gate in connection therewith. 
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7. Give sketch of approved method of connecting a yentilating pipe up the 

side of a house with a street sewer. 

8. If called upon to devise a system of sewers for a town of say 60,000 in- 

habitants, the area of the district under the Local Authority being 
900 acres, and 600 acres only built upon, what data as regards volume 
of sewage and rainfall would you advise being adopted for determining 
the size of the main sewer under the following conditions, viz. : — 
That one-third of the present built upon area would form a low-level 
district, which would have to be pumped a height of 20 feet into the 
main sewer for the remainder of the district, which would then flow by 
gravitation to a sewage farm some distance below the town ; and that 
a stream runs through the town the levels of which admit of storm 
overflows being constructed. 

(a) Would you recommend separate storm-water sewers for the 
higher districts as well as the low level district in such a 
case? 

(h) What provision for rainfall would you make in addition to 
ordinary sewage for the populated area, and would you in 
the main outfall sewer, have any regard to the unpopulated 
area as one eventually to be covered with buildings and 
drained to the main sewer? 

(c) What volume of sewage would you provide for ? 

(d) Having determined the quantity or volume of sewage and 
rainfall to be provided for as above, state how you would 
proceed to determine the size of the main sewer with a 
gradient of 1 in 1000 necessary to carry off such volume 
when running full. 

9. (a) What size of rising main would be required for a pumping scheme 

of water supply for a town of 60,000 inhabitants, the consumption 
being taken at 20 gallons per head per day, the flow per hour to be 
taken as one-twelfth of the day's supply, and the velocity in the pipe 
not to exceed 3 feet per second ? 

(b) What would be the nominal H.P. necessary to raise the 

full day's supply to the service reservoir in twelve hours, 
the height of the reservoir abeve the pump well being 
100 feet, and the friction due to the length of the pipe 
10 feet? 



SUBJBOT : — BUILDIKO OoNSTBUOTION, &0. 

W. Oeo. LatDSf M. ImL O^E.^ Eosaminer. 

1. Describe the manufacture of ordinary " Stock " bricks. Why are hand- 

made bricks superior in lasting quality to machine-made ? 

2. In what do "Portland" and '< Roman" Cement differ? In what case 

would you use the latter ? 
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3. What is <* Ashlar?" Explain the meaning of the terms ^ Draft," 

" Chamfer," " Boasting," and •* Tooling," in stone dressing. 

4. What do you understand when a building is described as of *' brick with 

stone dressings ? " Specify shortly for the external walls of a good 
Terrace House so built. 
6. In a slated roof what " lap " would you specify say with " Countess " 
slates ? What are flashings, and how and where applied ? What is 
sarking ? 

6. Sketch the arrangement of the floor joists in a dwelling room 18 feet by 

14 feet (with fireplace in long side), and give the sizes and spacing you 
would adopt. What weight per square foot would just break down 
your floor ? 

7. Sketch a flight of stairs with landing, and show how it is put together. 

What is the best proportion of " tread " to riser ? 

8. If called on to inspect a new house ready for letting, how and where 

would you look for evidences of its beiug " Jerry " built or otherwise ? 

9. Describe how the walls of a ''Concrete" house are run up. What 

advantage has this mode of building, and what are its faults ? 
10. What constructive precautions (if any) are prescribed in the Model 
Bye-laws with relation to fire ? Give them in your own words. 



Subject: — ^Sakitabt Soibnob. 
JET. Percy Bculnois, M, Inst, OJI.^ Examiner. 

1. Give the number of cubic feet contained in the above building, the 

ceiling being 15 feet 4 inches above the floor level. 

2. VentUatum. — If you had to adopt it as a small-pox hospital, state the 

number of patients it would hold, having regard to the cubical space 
allowed for each patient. 

3. Describe, by sketch or otherwise, the special means of ventilation and 

heating you would suggest for this building. 

4. Sewage Disposal. — ^Describe the meaning of the following terms — 

(a) Bough precipitation and subsequent irrigation. 
(5) Deposition of solids and subsequent filtration. 

(c) Oxidising effluent by cascading. 

(d) Coagulum in sewage, produced by chemical re-agent. 

6. State briefly the difference between the laemur and Shone systems of 
sewerage. 

6. Give the component parts of ''Sludge," and describe some process of 

dealing with it. 

7. Sketch a section of a two-storied, six-roomed dwelling house (without 

any open area at the side), showing the sewer in the street, and the 
details of the drain and soil pipes, the W.C., sink, bath, R.W.P., and 
Cistern wastes, &c. 
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8. ff<m»e Drainage, — Give replies to the following qnestions : 

(a) The least allowable number of gallons of water for the flush 
of a "wash out" W.O. pan. 

(b) The internal diameter of the flush pipe. 

(c) The depth of seal of a six-inch syphon. 

(d) The least allowable fall for a house drain. 

(e) The precautions necessary where a drain passes under wall 

of house. 



SUBJBOT : — PUBLIO HbALTH AoT8 AND BlYEBB POLLUTION A0T8, 

E. B. EOiee-Clark, M. Inst. O.E., Examiner. 
PabUc Hdalth Act. 

1. What are the powers of an URBAN SAJN^ITARY AUTHORITY as to 

the LIGHTING OF STREETS? 

2. Can a RURAL SANITARY AUTHORITY LIGHT STREETS, and 

if so, what action has the authority to take to carry out their 
intention? 
8. On whom is cast the duty of Supplying, Fixing, and Maintaining FIRE 
PLUGS? 

4. What are the duties of the SURVEYOR under SECTION 62, by which 

LOCAL AUTHORITIES may require HOUSES to be SUPPLIED 
WITH WATER under certain cases ? 

5. For what purposes may an URBAN S ANITA RY AUTHOBITY combine 

wi th a R URAL SANITARY AUTHORITY fso as to form an 
UNITED DISTRICT? 

6. If H is necessary to WIDEN A STREET, what steps must a SANITARY 

AUTHORITY take to eflect such a Scheme ? 

7. What powers are invested in LOCAL AUTHORITIES to ENTER 

LAND for the purposes of the Act ? 

8. What restrictions are placed upon the CONSTRUCTION of WATER- 

WORKS by a Sanitary Authority ? 

9. By Section 331 certain persons are AUTHORISED to DIVERT and 

ALTER Public Sewers :— 

(a) Name the persona so authorised. 

(5) What conditions must be observed by persons making such 

alterations ? 
(c) What are the duties of the Surveyor under this Section ? 

Bivers Pollution Act. 

1. Can MANUFACTURERS compel Sanitary Authorities to give FACILI- 
TIES for the DISCHARGE of LIQUIDS PROCEEDING FROM 
THEIR FACTORIES? 
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2. Under what conditioDB can a Sanitary Authority REFUSE TO PERMIT 
THE DISCHARGE of the LIQUIDS of MANUFACTURERS into 
the Public Sewers? 

(a) As to the Sewers. 

(&) As to the Sewage Disposal. 

(c) As to the Sewage Matter. 

(d) As to the Volume of Sewage. 
(6) As to any Legal Liabilities. 

Twenty-threo candidates presented themselYes for examination^ of 
whom the following fourteen satisfied the Examiners, and were 
gianted their certifioates of competency : — 



S. W. J. Barnes (Ealing, W.). 
G. H. Bayley (Salford). 
J. C. S. Beynon (Exeter). 
J. G. Bryans (Sunderland)* 
C. H. Cooper (Wimbledon). 
A. Crow (Stratford). 
A. R. Finch (Finchley). 



S. N. Glass (Hackney). 
R. M. Gloyne (Manchester). 
J. Houghton (Emg's Heath). 
G. T. Lynam (Bamsley). 
G. P. Mikes (Wakefield). 
T. Pritchard (Richmond). 
C. L. W. Wilson (Bacup> 
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BOARD OP EXAMINERS. 



hmwiB Anobll, M. Inst O.E., F.R.LB.A., Borough Engineer, West 

Ham (Past President). 
H. P. BouLNois, M. Inst O.E^ Borough Engineer, Portsmouth 

(Yioe-President). 

0. DuKSOOMBH, M.A., M. Inst. O.E., Oity Engineer, Liyerpool 
(Member of Gouncil). 

E. B. Elliob-Olabk, M. Inst O.E., County Sunreyor, West Sussex 
(President). 

JosxPH OoBDOK, M. Inst O.E., Borough Engineer, Leicester 
(Past President). 

0. JoRis, Assoo. M.Inst O.E., Surveyor to the Local Board, Ealing, W. 
(Past President). 

W. Q. Laws, M. Inst. O.E., Oity Engineer, Newcastle-on-Tyne (Past 
President). 

Jas. Lbxok, M. Inst O.E., F.R.I.B.A., Oonsulting Engineer, South- 
ampton (Past President). 

Jos. Loblbt, M. Inst. G.E., Borough Engineer, Hanley (Past 
President). 

E. Pbtfohabd, M. Inst O.E., 87, Waterloo Street, Birmingham (Past 
President). 

B. Yawseb, M. Inst. G.E., Manchester (Past President). 

W. H. Whith, M. Inst. O.E., Engineer to the Local Board, Oxford 
(Past President). 
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CANDIDATES WHO HAVE PASSED THE 
EXAMINATION, 

Date of CerUfiGate. 

May 7,1887 .. Adoock, 0. (Liverpool). 

May 1, 1886 Angell, J. A. (Leytonstone). 

May 1,1886 .. Ashmead, H. (Clifton). 

Oct. 16, 1886 .. Ball, O. (Scarboiongh). 

May 12, 1888 .. Barnes, S. W. J. (Ealing). 

May 12, 1888 .. Bayley O. R (Salford). 

Oct. 16, 1886 .. Beard, E. T. (Lincoln). 

May 12, 1888 .. Beynon, J. 0. S. (Exeter). 

Oct. 16, 1886 .. Brownridge, G. (Leeds). 

May 12, 1888 .. Bryans, J. G. (Sunderland). 

May 1,1886 .. Coales, H. G. (King's Lynn). 

Oct. 22, 1887 .. Cook, J. (Bnry). 

May 12, 1888 .. Cooper, C. H. (Wimbledon). 

May 7, 1887 .. Cooper, F. E. (Liverpool). 

May 12, 1888 .. Crow, A. (Stratford, E.). 

Oct. 16, 1886 .. Crowther, J. A. (Leeds). 

May 7,1887 .. Dearden, Hy. (Leeds). 

May 1, 1886 .. Penton, W. C. (Sheffield). 

May 12, 1888 .. Finch, A. B. (I^chley). 

May 7, 1887 .. Franks, T. W. (West Bromwioh). 

May 12, 1888 .. Glass, S. N. (H^kney). 

May 12, 1888 .. Gloyne, B. M. (Manchester). 

May 1,1886 .. Greatorez, A. D. (Tozteth Park). 

May 1, 1886 .. Harland, A. (London). 

May 12, 1888 .. Houghton, J. (King's Heath). 

Oct 16, 1886 .. Jameson, M. W. (Leeds). 

May 12, 1888 .. Lynam, G. T. (Bamsley). 

Oct. 16, 1886 .. Mallinson, T. (Selby). 

Oct. 22, 1887 .. Mellor, T. E. W. (Stockton). 

Oct. 22, 1887 .. Metcalf, J. W. (Tork> 

May 12, 1888 .. Milnes, G. P. (Wakefield). 

May 7,1887 .. Niohob, A. E. (Leeds). 
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Date of Certificate. 

May 7,1887 .. NiokoLs, F. J. (Leeds). 

May 1,1886 .. Osborne, F. (Dover). 

Oct. 22, 1887 .. Parker, W. (Hereford). 

Oct. 16, 1886 .. Hckering, J. 8. (West Bromwich). 

May 12, 1888 .. Pritchard, T. (Eidunond). 

May 7,1887 .. Bich, B. W. (Honnslow.) 

May 1, 1886 .. SanndeTS, E. E. (Walthamstow). 

May 7, 1887 .. Saanders, Jas. (Newark). 

Oct. 22, 1887 .. SaviUe, E. W. S. (Accrington). 

Oct. 16, 1886 .. Siloock, E. J. (Leeds). 

Oct. 16, 1886 .. Sykes, E. (Beddish). 

Oct 16, 1886 .. Thomas, B. J. (Oarnarvon). 

Oct. 16, 1886 .. Turner, V. H. (Leeds). 

May 7, 1887 .. Yersohoyle, B. (Liverpool). 

Oct. 22, 1888 .. Ward, F. D. (Manchester). 

May 12, 1888 .. Wilson, 0. L. W. (Baeap). 

May 1,1886 .. Witts, J. W. (Skelton). 

Oct. 16, 1886 .. Toong, Wm. (Pendleton). 



Digitized by 



Google 



( 899 ) 



inemoltss of Mtttaatti iW^mfietiS* 

The Conncily having been requested to append some short notice of 
the decease of Members of this Association, will feel obliged 
by early notice being forwarded to the Secretary, with such 
particolEUB as it may be desirable to insert in these 'Pro- 
ceedings.' 

A. DuBAiiD CiiATB, Ingenieor en chef des Fonts et Ohanss^es 
(AssainiBsement), Paris, an Honorary Member of this Association, 
and one of the most eminent engineers of the Ponts et ChanssSes, 
died in April 1888. 

He was charged with the important service of the sanitary work 
of Paris, and is the fourth engineer-in-chief whom the municipal 
administration have lost dnring the last three years. He was only 
forty-seven. He had devoted all his professional career, it may 
ahnost be said, to the improvement of the sanitary condition of the 
Seine. It is to him that we owe the utilisation of sewage in 
agriculture in the peninsula of Gennevilliers. He was, it may be 
said, universally known and esteemed in the scientific world, and 
his premature death is a great hes to the dty of Paris as well as 
to the Corps des Ponts et Chauss^. 

M. A. Durand Glaye was elected an Honorary Member of this 
Association in May 1887, in consideration of his great public 
services. 

Thomas Cottlthubst died in London, June 22nd, 1888. He 
was born at Preston, Lancashire, where his &ther practised as an 
architect fifty years ago. He was trained as a civil engineer, 
architect, and surveyor, for which profession he early diowed 
great aptitude. His first pubUc appointment was at Gateshead, 
where he did himself credit in the capacity of assistant borough 
surveyor. Then he transferred his services to the Lancashke 
and Yorkshire Bailway Company, whom be fiEdthfully served as 
assistant engineer. But his professional skill and his remarkable 
activity led him to secure more responsible appointments, and he 
became assistant architect to the London and South- Western 
Bailway Company, being resident at Southampton and Exeter, 
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after which he secured a sunilar appointment under the Midland 
Bailway Company at Derby. Having worked with ability and 
asffldnity in the architect's office here, he entered into business on 
his own account, selecting as the sphere of his operations the then 
thriving and rapidly growing town of Barrow-in-Furness, in his 
own county. Mr. Goulthurst also assisted in carrying out exten- 
sive works for the late Duke of Portland, at Welbeck. He subse- 
quently entered into partnership with Mr. J. Somes Story, county 
surveyor, and, during the short existence of the firm of Goulthurst 
and Story, they designed several of the local Board Schools, and 
superint^ed thdr erection. At the latter end of 1879 the office 
of borough engineer and surveyor of Derby became vacant, owing 
to the resignation of Mr. Clement Dunsoombe, and Mr. Coulthurst 
was elected by a large majority. The wisdom of the choice was 
continually manifested by the ability and rare devotion to duty 
which Mr. Coulthurst invariably displayed. 

In private life, Mr. Coulthurst was kind, courteous, and genial, 
and he had numerous personal Mends to whom his comparatively 
early decease has been a great loss. He was an Associate Member 
of the Institute of Civil Engineers and a Member of the CouncQ of 
this Association. 

Samxtbl Fellows Bowley was bom at Sedgley, Staffordshire, 
and died suddenly of pleurisy on Feb. 6th, 1888, at the early 
age of twenty-eighi He was articled to the late T. B. Lofthouse, 
surveyor to ihe West Bromwich Improvement Commission, and on 
his death completed his pupilage under the present Borough 
Engineer, Mr. J. T. Eayrs. He was afterwards appointed assistant, 
until he obtained the poet of Surveyor to the Tipton Local Board 
of Health in 1883, which appointment he held until his death. 
His ability, strict integrity, and courteous manners gained the 
esteem and respect of the whole of the Board and of those with 
whom he was brought into contact. 

The other deaUis are Mr. Thomas Hetwood, Surveyor of 
Ecdes, Barton, Winton, and Monton Local Board, Lancashire; 
and Mr. Thomas Cbube, the Surveyor to the Local Board of 
Warminster. 

OCT ^ 1916 
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ERRATUM. 

In Vol. XIII., 1886-7, page 138, Portsmouth Drainage, the last 9 lines, and the 
firsts lines of page 139, remarks by Mr. Angell, were in part incorrectly reported 
and escaped revision. They should have read as follows ; — 

** As to the flat sewers, it was desirable to explain the cause. About such flat 
falls some had great doubts, but the plans were approved by Sir John Hawkshaw, and 
we had also the authority of Sir Robert Bawlinson for flat sewers. A system of 
flushing doors was let in at intervals at the manholes, so that the sewers could be 
regularly flushed, or as often as necessary. When 70 miles of sewerage had to con- 
verge to one point, it became a choice of evils : either flat gradients or getting down 
very low in the earth to pump up again. It was thought that flat sewers, with 
proper arrangements for flushing, would succeed, but it was recognised as a ch '' — ^ 
evils. We all prefer a good gradient when we cian get it.** 
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